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Objectives 
To describe the cancer mortality pattern of male food-service workers in Hong 
Kong and to see i f the male food-service workers were at a higher risk of dying 
f rom certain types of cancer than the male general population. 
Design 
The standardised proportional mortality ratio (SPMR) was adopted to explore 
the cancer risk in the study population using death data f rom the general 
population as a reference. The mortality odds ratio (MOR) was calculated for 
specific cancers in both the internal and external comparisons. For the internal 
comparison, deceased food-service workers were divided into two subgroups, 
namely the inside kitchen group and the outside kitchen group. The information 
on underlying cause of death was obtained f rom the Bir th & Death Registry and 
Census & statistics Department of Hong Kong. 
a 
Subjects 
The study subjects consisted of Chinese male food-service workers who had 
been a food-service union member and died at age 30 or above within the 
period of January 1, 1986 to December31, 1995 in Hong Kong. 
M a i n Outcome Measures 
The SPMR and M O R with the 95% confidence intervals for selected types of 
cancers were measured in the entire study group and the two subgroups. These 
cancer sites included nasopharynx (ICD code:147), oesophagus (ICD 
code:150), stomach (ICD code:151), colon & rectum (ICD codes:153-154), 
liver ( ICD code:155), larynx (ICD code:161), lung (ICD code:162) and bladder 
( ICD code:188) and all sites (ICD codes:140-208). 
Results 
A total number of 652 deceased male food-service workers (306 inside kitchen 
and 346 outside kitchen) were included. Comparing with the general 
population, significant excess SPMRs/MORs for nasopharyngeal cancer 
(SPMR=2.25, 95% CI:1.43-3.53; MOR=2.68, 95% CI:1.64-4.48), colorectal 
cancers (SPMR=1.92, 95% CI:1.29-2.86; MOR=2.12, 95% CI:1.36-3.30), and 
all types of cancer (SPMR=1.17, 95% CI:1.04-1.31; MOR=1.31, 95% CI:1.05-
1.62) were observed among the outside kitchen workers. Excess risk of dying 
from all types of cancer was found among the kitchen workers (SPMR=1.16, 
95% CI:1.02-1.32; MOR=1.29, 95% CI:1.02-1.62) whereas no significantly 
b 
excess risk of dying from lung cancer was observed (SPMR=1.15, 95% 
CI:0.87-1.52; MOR=1.26, 95% CI:0.89-1.76). Comparing the kitchen workers 
with the outside kitchen workers, a slight excess M O R for lung cancer (1.16, 
95% CI:0.72-1.88) and a lower M O R for nasopharyngeal cancer (0.49, 95% 
CI:0.20-1.17) were found in the kitchen workers. 
Conclusions 
The study suggested that the outside kitchen workers (male) had significant 
excess risks of dying from nasopharyngeal cancer and colorectal cancers. Both 
the male kitchen workers and the outside kitchen workers had a high risk of 
dying f rom all types of cancer. The male kitchen workers had a non-significant 























code:147 ) 、 食 道 ( I C D code:150 ) 、 胃 （ I C D codes:151 )、結腸直腸 
( I C D codes:153-154 )、肝臟（ I C D c o d e : 1 5 5 )、喉（ I C D c o d e : 1 6 1 ) 、 
肺 （ I C D code:162 ) 、 膀 胱 （ I C D codes:188 ) 以 及 所 有 部 位 （ I C D 
codes:147-208 ) 。 
結果 
本硏究包括652個已死亡的男性飮食業從業員（廚房內：306 ；廚房 
外：3 4 6 ) 。與香港的一般人群比較，廚房外工作者顯著大於 1 的 S P M R 
/厘 0尺有鼻咽癌（S P M R = 2 . 2 5 , M O R = 2 . 6 8 )，結腸直腸癌（SPMR=L92, 
MOR=2.12 )及全癌（S P M R = 1 . 1 7 , MOR=1.31 )；廚房內工作者則僅有 
全癌（SPMR=1.16, MOR=1.29 )。廚房內工作者的肺癌SPMR / MOR 
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C h a p t e r 1 
INTRODUCTION 
1.1 Cancer i n Food-service Workers 
Dur ing the past 20 years, occupational epidemiological studies in many countries 
showed that food-service workers were at increased risk for cancers of the lung, 
mouth, nasopharynx, oesophagus, larynx, l iver, and bladder>^'^'^'^'^'^'^'^'^° I t was 
postulated that cooking fumes, tobacco and alcohol might be the main risk factors 
for the observed excess cancer risk. A l though the consumption of tobacco and 
alcohol among workers in this occupation was greater than that of the general 
population, i t could not account for all the increased cancer risk observed. Hence, 
cooking fumes have become a particular research interest in this occupation. 
1.2 Carcinogenic i ty of Cook ing Fumes 
In 1970s, studies found that mutagenic heterocyclic amines and other pyrolysates 
were induced in foods rich in protein during frying. Most of the mutagens migrate 
into the fumes.^ '^^ '^^ ^ Later on, many human carcinogens and suspected human 
carcinogens were detected in cooking fumes f rom heated food or edible 
oiii4’i5,i6，i7，i8’i9’2。，2i’22’23 Q^^ ^ f the carcmogens, 1,3-butadiene, detectable f rom cooking 
fumes, might be a multiple-organ carcinogen. I t could cause lung cancer in mice at 
exposure concentration as low as 6.25 parts per mi l l ion (PPM).^ '^^ '^^ '^^ ^ Another 
suspected human carcinogen, benzo[a]pyrene [B(a)P], could be generated in large 
quantity when meat was stir-fried.^^ Several studies found that the amount of 
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airborne mutagens and carcinogens formed f r o m meat dur ing cooking increased w i t h 
the temperature of the cooking surface. ^^ '^ '^^ ^ 
Thus, i t was possible that persons, such as cooks or ki tchen staff, w h o were exposed 
daily to large quantities of fumes f r o m heated food, might be at a higher risk of 
developing cancer. 
1.3 H i g h R isk o f L u n g Cancer i n Chinese W o m e n 
There is good evidence that women of Chinese or ig in are at a higher risk for lung 
cancer than women of most other ethnic groups (Figure 1.1 ^ '^^ °). The high risk of 
lung cancer among Chinese women has been conf irmed in many countries or 
regions, such as Malaya, H o n g Kong (HK) , Singapore, California, and 
Hawai.3i’32，33，34，35,36’37，38，39 This could Hot bc explaincd by their smoking habits since 
the prevalence of cigarette smoking was usually l ow among Chinese women around 
the w o r l d ^Hgure 1.2, Figure 1.3).舉，42’43’ A l though passive smoking might be a risk 
factor for lung cancer,44’45，4M7’48，49，50’5i’52,53 -^  ^ ^g very unl ikely the sole reason for the 
several fo ld increase in risk of lung cancer in Chinese women, since passive smoking 
caused on ly very small excess risk.^^ 
I t has been postulated that the high risk of lung cancer in Chinese women may 
partly be due to inhaling of cooking fumes. Women do the cooking in most Chinese 
families. Several case-control studies were conducted in China and Taiwan to see 
whether the cooking history and practice were associated w i t h the risk of lung 
cancer.55’56’57’58’59’60’6i The results showed that the risk of lung cancer in women w i t h 
long term exposure to cooking fumes was 3 to 15 times than that in women wi thout 
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such an exposure. The risk of lung cancer was also increased w i t h the number of 
meals cooked by stir-frying or deep-fry ing，with the degree of smokiness during 
cooking, and w i t h the frequency of eye i r r i tat ion during cooking. 
These results further suggested that cooking fumes might be a cause for the 
development of lung cancer. The high risk for lung cancer in Chinese women might 
be explained by the long-term exposure to cooking fumes. 
1.4 W h y do We Conduc t This Study? 
Occupational cancer mortal i ty (or incidence) studies have shown an association 
between several types of cancer and work ing history in restaurants. The association 
was weak in most studies. 
I t is wel l k n o w n that Chinese cooking requires very high temperature, such as the 
stir-frying. The common practice is to heat up the pan unt i l i t is very hot before the 
oi l or the foodstuffs are introduced. This leads to greater decomposition of o i l and 
foodstuffs. Large quantities of cooking fumes would be generated in kitchens of 
Chinese restaurants. Moreover, Chinese food-service workers in H K have to work 
for 10 to 12 hours every day and 6 days a week. Thus, Chinese restaurant workers 
may inhale much more cooking fumes than those in other restaurants, and be 
particularly at high risk of developing cancers. Therefore, Chinese restaurant 
workers in H K provide an ideal group to study the risk of cancers due to cooking 
fumes. 
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1.5 Imp l i ca t ion of This Study 
The results of this study, i f positive, wou ld give further evidence for the association 
between cancers and cooking fumes. This study wou ld provide useful informat ion 
on the risk of cancers among food-service workers in H K for the first t ime. Since the 
number of food-service workers is large in H K , any excess risk found in this 
occupation wou ld have important implications, for policy making regarding the 
health of workers in this occupation. 
1.6 W h a t Types of Cancer were Included i n This Study? 
Cancers that were examined in this study included cancers of the mouth, 
nasopharynx, oesophagus, liver, larynx, lung, and bladder, which were possibly 
related to cooking fumes exposure. Three other types of cancers, stomach, colon, and 
rectum, which were common cancers in H K , were also examined. 
The mortal i ty patterns of food-service workers were compared w i t h those of the 
general population in H K . These workers were divided into two subgroups 
according to their workplace to provide an internal comparison. The outside kitchen 
group was considered to be a group unexposed to cooking fumes. The internal 
comparison was advantageous because the two groups came f rom a similar socio-
economic background and also had good comparability in smoking and drinking 
habits. Moreover, data on other confounding factors such as nationality, age at death, 
year of death, work ing years, etc. can easily be controlled and adjusted in the 
analysis. 
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1.7 A i m s and Hypothesis of This Study 
The aim of the study was to describe the cancer mortal i ty pattern of male food-
service workers in H K and to see i f the male food-service workers were at a higher 
risk of dying f rom certain types of cancer. In particular, we aimed to answer the 
fo l lowing two questions: 
1) Was there an excess risk of dying f rom certain types of cancer among male food-
service workers in HK? 
2) Was there an excess risk of dying f rom certain types of cancer among kitchen 
workers? 
Hwothesis: 
Workers inside kitchen had an excess risk of dying f rom certain types of cancer 
compared w i t h those work ing outside kitchen and the general population. 
1.8. Ou t l i ne of the Thesis 
This thesis consists of five chapters. Chapter 2 reviewed the occupational 
epidemiological studies of food-service workers and laboratory studies of mutagens 
and carcinogens in cooking fumes. Chapter 3 described the study methods including 
the study design, data collection and data analysis. The results were reported in 
Chapter 4. Chapter 5 discussed the findings of the study followed by the 
conclusions. The limitations of the study and possibilities for further research were 
also discussed. 
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Figure 1.1 Age-standardised mortaUty rates for lung cancer i n females i n 37 
countries (1993) 
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Figure 1.2 Cigarette smok ing pat tern i n H K (1982-1993) 
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In this chapter, literature related to the present study w i l l be reviewed. Studies w i l l 
be discussed f rom the fo l lowing two aspects: 1) occupational epidemiological studies; 
2) mutagens and carcinogens in cooking fumes. 
2.1. Occupat ional Epidemiological Studies 
Occupational epidemiology attempts to identify, evaluate, and quantify factors in the 
workplace which impair health and shorten life so as to be able to control them. In 
assessing the possible effects of occupational exposures, epidemiological studies such 
as cross-sectional study, case-control study, and cohort study may be designed to 
evaluate the general effects of an exposure or to measure the occurrence of a specific 
disease. 
2.1.1 Studies ofoccupation and cancer occurrence hased on routine records 
Methods for the measurement of relative mortality (or incidence) 
A variety of records are maintained by industries that contain information on a 
person's work history. Since i t usually is possible to estimate which substances have 
been used in which work areas, it is possible to define a cohort of workers on the 
basis of exposure in the past. Using records maintained by company as well as other 
8 
records such as death certificates, the cohort can be fol lowed to the present to 
ascertain the occurrence of disease. 
In many European countries, cancer registers have been organised. A particular use 
of cancer registers has been the attempt in recent years to combine register 
information w i t h recorded occupation retrieved f rom population censuses. A t least 
in principle, this offers the potential for comparison of cancer incidence rates in 
various occupational groups. 
Retrospective cohort studies of mortal i ty are the logical way to evaluate the 
possibility of long-term effects on health while work ing in industry. Analysis of 
cohort data typically involves a comparison of rates (mortality or incidence) 
observed in study group w i t h rates for the general population. This is a useful way of 
identifying cancer which occur at especially high or low frequency in an 
occupational cohort, so that they may be studied further in relation to particular 
exposures. 
To identify mortal i ty excess for all types of cancer or a site-specific cancer in an 
industrial population, demographic variables, such as age, sex, and race of the 
members of the work ing population, must be accounted. Since the age, sex, and race 
distribution of an industrial population may generally be different f rom the general 
population and may also be evolving w i th time. 
Two main techniques, direct and indirect standardisation, are used to adjust the rates 
for age, sex, race and calendar time period. Both methods are similar in that they 
consist of taking a weighted average of category-specific rates. The difference 
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between the two lies simply in the source of the weights and the rates. The indirect 
method wou ld be used under the calculation of the standardised proport ional 
mortal i ty ratio in our study. For the direct method, adjusted rates are derived by 
applying the category-specific rates observed in each of the populations to a single 
standard population. The standard chosen could be the distr ibution of one of the 
populations to be compared, a distr ibution of the two populations combined (such as 
the average), or an outside standard of interest? 
Two methods have been used often to identify mortal i ty rate excess in an 
occupational group. The more basic one is comparing the fraction of deaths of an 
occupational cohort due to a specific cause w i t h that of the general population. 
Standardised proport ional mortal i ty ratio (SPMR) is the usual summary statistic. 
The another method is comparing the mortal i ty rate f rom specific cause of death in 
the occupational cohort to that in the general population. Standardised mortal i ty 
ratio (SMR) is the statistic.^ '^^ '^^ ^ The word 'standardised' indicates that adjustment 
has been made for the effects of potential confounding factors such as age, sex, race, 
and calendar t ime period by calculating a weighted average of category-specific rates. 
This adjustment is processed by applying rates f rom a standard population to the 
weights in the study group. 
Often in mortal i ty studies in an occupational setting, the information that is 
available relates to the number of death that has been observed among the study 
population. To assess whether the number of death in this group is unusual—that is, 
whether it is greater or less than one, rates f rom a standard population are used to 
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calculate the number of deaths that wou ld have been expected in this group had they 
developed the disease at the same rate as a general population. The expected number 
of deaths in each stratum of the study population is calculated by mul t ip ly ing the 
stratum-specific rates in the standard population by the weights of each category, or 
the number of person-years of the study population in that category. The total 
expected number is then calculated by summing the expected numbers in each 
stratum. In a standardised mortal i ty study, a population of occupationally exposed 
persons are assembled on the basis of past records and fol lowed unt i l the present to 
determine its mortal i ty experience. The standardised mortal i ty ratio (SMR) is the 
ratio of the mortal i ty rate in the exposed occupational group to the rate in a non-
exposed group or the total population. In the computation of an SMR, age and 
calendar t ime period should have been controlled by indirect standardisation. The 
formula for an SMR is: 
SMR = I a , / lE(ai) = Observed / Expected' ' 
Where ai is the number of persons w i th a specific cause of death in the ？^  stratum of 
age and calendar time period and E(ai) is the number of expected based on the age-
time specific mortal i ty rates in the non-exposed group or the general population. 
To compute the SMR of an occupational cohort, the vital status information on the 
entire cohort should be obtained. I f the time and money needed to fol low all 
workers are not available, an alternative approach, proportional mortal i ty analysis, 
can provide valuable information. 
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A proport ional morta l i ty study requires the death certificates of those deceased f rom 
a workplace over a specified period of t ime. Using conventions wel l established by 
the W o r l d Health Organisation in the International Classification of Diseases, the 
attending physician's description on the death certificate is translated into numerical 
codes of the underlying and contr ibut ing causes of death. F r o m these death 
certificates, the deaths can be tabulated into meaningful categories of cause of death 
according to age, race, sex, and calendar t ime period. The comparison is between the 
number of deaths classified as due to the cause of interest w i t h that expected, based 
upon a comparison population. The number expected is determined by applying the 
proport ion of deaths due to the cause category of interest in the comparison 
population to the total number of deaths in the study group for the same category of 
age, race, sex, and calendar t ime period，and then summing over these categories. 
The standardised proport ional mortal i ty ratio (SPMR) then is the ratio of the total 
observed deaths of cause of interest f rom all age bands and the corresponding total 
number of deaths expected. The formula for a SPMR is: 
SPMR = IObserved deaths/ SExpected deaths 沾 
Consequently this SPMR is age and calendar t ime period adjusted by indirect 
standardisation, 
SMR- and SPMR- type indices can be computed f rom any routine data where disease 
occurrence and occupation are recorded, such as cancer registry reports. When 
cancer incidence, rather than cancer mortal i ty, is used as the endpoint, then the 
indices are called proportionate incidence ratios (PIRs) (strictly speaking, i t should be 
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called standardised proportionate incidence ratios) and standardised incidence ratios 
(SIRs). 
Another measure of relative mortal i ty is mortal i ty odds ratio (MOR). The M O R is 
the ratio of morta l i ty odds between the cancer of interest and other disease for the 
occupation of interest compared w i t h a non-exposed comparison g r o u p . 
I f different f rom 1 (or 100 i f mult ipl ied by 100), these measures could indicate that 
the risk of this cause of death (or incidence) is different in this occupation group 
f rom that in the reference population. The problems of interpretation of SPMR w i l l 
be discussed later in Chapter 5. 
Studies of occupation and cancers hased on routine records 
In some countries, routine record such as death certificates and cancer registers 
provide information on both cause of death (or cancer incidence) and occupation. 
This information can be exploited to compute some estimates of the association 
between occupation groups and risk of different cancer. The advantages of this type 
of routine record analysis are that i t can be relatively inexpensive, that the large 
populations covered by a national or state-wide mortal i ty or cancer registry can 
provide stable disease rates, and that it can span the occupational spectrum. A 
number of occupational mortal i ty or incidence studies have been carried out in 
various countries since 1970s. Most of the published studies showed an excess cancer 
mortal i ty or incidence among food-service workers but some studies have come to 
different conclusions. 
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Using data f r o m the Swedish Cancer Envi ronment Register (1961-1979), Carstensen 
et al carried out a standardised incidence ratio (SIR) study among 2.1 m i l l i on men 
aged 20-69 years \ The study showed an excess of lung cancer among bakers and 
pastry cooks in the period 1961-1966 (46 cases, SIR=188), 1967-1973 (71 cases, 
SIR=144), 1974-179 (71 cases, SIR=123). 
Chow et al conducted a cohort study using the Cancer Environment Registry data 
wh ich l inks the 1960 census informat ion on employment w i t h cancer incidence data 
f r om 1961-1979.2 Significantly elevated standardised incidence ratios were observed 
among male hotel and restaurant employees (30 cases, SIR= 1.7, P < 0.05) and waiters 
(10 cases, SIR=3.1 ,P<0.01) . 
In the Un i ted States, Menck and Henderson reported an excess morta l i ty for cooks 
compared w i t h all industrial workers in Los Angeles County (23 deaths, SMR 180, 
P<0.01) .3 They also found an excess risk of lung cancer among workers work ing in 
eating and dr ink ing places (59 deaths, SMR= 171, P<0.01) and other food 
manufactories (19 deaths, SMR= 148). The study comprised 2161 death certificates 
w i t h lung cancer in white men, aged 20 to 64, between 1968 and 1970. They 
proposed that polycyclic aromatic hydrocarbons compounds might be the probable 
explanation. 
Using 1971-1973 death records in Massachusetts, Dubrow and Wegman investigated 
a total of 34,879 adult white males including 16,629 who died f rom malignant 
neoplasm.4 They used the age-standardised mortal i ty odds ratio (SMOR) as the 
measure of relative mortal i ty. In this study, they found excess risk of buccal cavity 
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and pharynx cancer (12 deaths, SMOR=206 , P < 0.05) and l iver cancer (4 deaths, 
SMOR=350 , P<0.01) among cooks. N o excess risk of other cancers was been found 
among cooks. 
In a study based on the 1971 census in England and Wales, bakers and pastry cooks 
were found to have an excess morta l i ty risk due to malignant neoplasm. For 
malignant neoplasm in the trachea, bronchi and lung, the SMR was 128 for the years 
1970-1972. For malignant neoplasm in the stomach, the SMR was 147.5 
To explore the relation between cancer and occupation, Coggon et al carried out a 
survey among young and middle aged men.^ Each individual diagnostic category was 
compared w i t h all other cancers combined during the period 1975-80. A significant 
excess of deaths f r om lung cancer was found in cooks (RR=2.5, 95% CI: 1.2-5.1), and 
bakers and pastry cooks (RR=3.6, 95% CI： 1.3-10.4) in England and Wales. The 
authors suggested that the theoretical explanations for the risk should be exposure to 
polycyclic aromatic hydrocarbons or nitrosamines in fumes. 
A n analysis of 90651 cancer patients (1970-1979) was performed by Olsen and Jensen 
using standardised proport ional incidence ratio (SPIR) to measure the risk of cancer 
in various occupation in Denmark / The cases in a nation-wide cancer registry were 
l inked w i t h the records of a pension fund, which provided occupational histories of 
all employees in the country. Excess risk of cancer of the liver (SPIR = 390, 95% CI： 
227-672) and lung (SPIR= 125，95% CI: 102-154) were detected for male employees in 
restaurants, cafes, and other eating and dr inking places. 
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I n Switzerland, Minder et al carried out a cancer mor ta l i ty study in 1992/ The data 
consisted of all Swiss men w h o died in the period f r o m 1979 to 1982 at the age of 30 
years or over. The populat ion at risk was determined w i t h the use of the 
occupational classification of the 1980 census records. The age-standardised mor ta l i ty 
ratio (SMR) and the proport ionate morta l i ty ratio (PMR) supplemented by 
confidence intervals were used to measure the mortal i ty . The results showed that 
cooks had high rates of cancers of the digestive system: mou th and pharynx (12 
deaths; SMR=332, 95% CI: 180-688； PMR=271 , 95% CI： 140-474), l iver and 
gallbladder (8 deaths; SMR=246, 95% CI: 122-583； PMR=226 , 95% CI： 97-446)， 
larynx (7 deaths; SMR=435, 95% CI: 208-1089； PMR=376 , 95% CI： 151-776). Cooks 
did not have an excessive lung cancer morta l i ty risk in this study (20 deaths; 
SMR=70, 95% CI： 42-129； P M R = 6 2 , 95% CI： 38-96). 
Pearce and H o w a r d reported the occupational morta l i ty in N e w Zealand in 1985? 
The study examines occupational patterns of morta l i ty in males aged 15-64 in N e w 
Zealand during the period 1974-78 for overall morta l i ty and for each major disease 
grouping. A 10 percent random sample of the 1976 N e w Zealand Census were 
chosen as the reference group and the records of all deaths registered in N e w Zealand 
during 1974-78 were included as study group. The standardised relative risk (SRR) 
estimate is the ratio of the observed and expected numbers of deaths. Indirect 
standardisation for age was performed. T w o sets of expected values were calculated. 
The first was based on the mortal i ty rates for all employed persons, whereas the 
second was based on rates for the Brit ish Registrar-General social class to which the 
occupational group belonged. The study showed that cooks, waiters, bartenders had 
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significantly elevated morta l i ty for overall mor ta l i ty (300 deaths; SRR Vs employed: 
1.95, 95% CI: 1.74-2.18; SRR Vs social class: 1.83, 95% CI: 1.63-2.05), neoplasm (60 
deaths; SRR Vs employed: 1.74，95% CI: 1.33-2.24; SRR Vs social class: 1.86，95% CI: 
1.42-2.39)，respiratory system diseases (22 deaths; SRR Vs employed: 3.04, 95% CI: 
1.90-4.60; SRR Vs social class: 2.66，95% CI: 1.67-4.03), digestive system diseases (28 
deaths； SRR Vs employed： 6.41，95% CI： 4.26-9.27； SRR Vs social class： 5.59, 95% CI： 
3.71-8.08), mental disorders (15 deaths； SRR Vs employed： 8.97, 95% CI： 5.02-14.8; 
SRR Vs social class: 6.18, 95% CI: 3.46-10.2). This study d id not report the morta l i ty 
by cancer site. 
To describe male cancer incidence by occupation for the period 1972-1984 in N e w 
Zealand, F i r th et al carried out a standardised incidence ratio (SIR) study using data 
f r om the N e w Zealand Cancer Registry.^® A total of 26207 cancer registrations were 
divided into 8 major, 82 minor and 307 unit groups and classified by 6 socio-
economic levels. Cooks had increased ratios for cancers of the buccal cavity (11 cases, 
SIR=547, 95 % CI: 271-981), Stomach (7 cases, SIR=260, 95% CI: 103-539), and lung 
(20 cases, SIR= 246, 95% CI: 150-380). These excess risks remained among cooks 
after the socio-economic level was adjusted. 
In China, 2heng carried out a mortal i ty study to identify specific occupational risk 
for nasopharyngeal cancer in Shanghai.^^ Occupational information for 996 incident 
nasopharyngeal cancer patients diagnosed during 1980 to 1984 was compared w i th 
1982 census data on employment. Among men, significant elevated risk of 
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nasopharyngeal cancer was seen among bakers, pastry cooks and confectionery 
makers (5 cases, SIR=356,P<0.05) . 
To correlate occupational exposure and incidence of lung cancer deaths, D u et al 
calculated the SMR for 434 cases of lung cancer deaths.^^ Their data came f rom the 
3rd census of People's Republic of China and the death cause registry of Guangzhou 
in 1982. Significantly excess risks were found in cooks for both sexes. The SMR for 
male cooks was 588 (P < 0.01) and female was 335 (P < 0.01). 
Using routine death registration and census data, N g examined the occupational 
mortal i ty among H K males aged 15 and above for the period 1979-1983.^^ 
Occupations recorded in death certificates were grouped according to the 
International Classification of Occupations. The results shown that food, drinks and 
tobacco workers have excess but not significant risks f rom cancer of the buccal 
cavity and pharynx (22 deaths, SMR=118) and cancer of the lung (46 deaths, 
SMR=109). 
Limitations of studies based on routine record 
A l l of studies mentioned above were based on routinely collected data. Such 
occupational mortal i ty (or incidence) differences were not only determined by the 
intrinsic hazards of work but also by other factors such as diet, age, ethnicity, and 
general lifestyle which were relatively extrinsic to occupation but which vary in 
occupational groups. There are several serious problems in this type of approach. 
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Firstly, no detailed information of Job histories were obtained since informat ion on 
job came f rom death certificates or the linkage of census data in these studies. For 
example, occupational status of the observed population was usually recorded at one 
point in time, namely when the census was carried out. Employed persons typically 
had a number of different wo rk experiences throughout their lives that begin at 
different ages and times, last for different lengths of time, and were subject to a great 
variety of exposure to specific substances and conditions. O n the death certificates, 
only the last jobs are recorded. The information is thus cross-sectional, wi thout 
information on employment or exposure before and lacking information on 
multiple exposures and confounding factors, potential or real. Furthermore, some 
deceased persons have ‘retirement，listed as the occupation. It is diff icult to f ind out 
their occupation before retirement and to define their exposure. 
Secondly, the heterogeneous occupational categories result in an unknown degree of 
attenuation of risk. As the occupational groups generally include many non-exposed 
persons, misclassification of exposure may easily occur. The exposure to hazard 
would possibly differ widely in various subgroups. The fact is that while only a 
proport ion of the employees were exposed to the risk factors, all employees of the 
occupation were included as being at risk in these studies. Few of the studies 
mentioned above have spilt the data into occupational subgroups. This tends to 
dilute any differences in cancer incidence or mortal i ty between occupational groups, 
even if real differences exist. 
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Thi rd ly , possible confounding effects of other risk factors cannot be estimated due to 
the lack of informat ion on life style factors in such studies. The most important 
confounding factor is undoubtedly tobacco smoking, which is a wel l -known risk 
factor for various cancers, in particular lung cancer. Lung cancer is also associated 
w i t h a number of occupational exposures. 
Fourthly, cancer deaths as indicators of cancer incidence is inadequate, because some 
types of cancer have low case-fatality rates. I f the study is based on a cancer registry 
rather than death certificate reports, this problem would largely be avoided since the 
accuracy of diagnosis is much greater in registry reports than in death certificates. 
But in some countries there is doubt about the completeness of case ascertainment in 
registries. 
In addition, the low statistical power due to small number of cases in specific 
occupations (some studies have observed less than 10 deaths) could influence the 
reliability of the findings of these studies. 
These difficulties are common to such occupational epidemiological studies. O n the 
one hand, the associations may be spurious, due to confounding and problems of 
multiple comparison. O n the other hand, di lut ion of associations by the use of broad 
occupational groups may result in the overlooking of true relationships. A relative 
risk that is not significantly different f rom unity should therefore not be interpreted 
as indicating an absence of risk. Conversely, confounding is unlikely to explain 
major deviations in risk, and any relative risk above 1.5 that seems biologically 
plausible should be pursued in additional investigations. 
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Considering their l imitations, such studies should not be used to determine whether 
or not mortal i ty is high in a particular occupational group but may guide further 
epidemiological studies. O n the other hand, these studies can give clues to the 
possible cancer risks among food-service workers. To investigate in general the 
cancer mortal i ty among food service workers, a number of studies have been carried 
out and are described below. However, few reports have been published on cancer 
risk among cooks and waiters (or waitress) specifically. 
2.1.2 Retrospective cohort studies amongfood service workers 
In the Uni ted Kingdom, Coggon and Wield conducted a study to explore the 
possible hazard of lung cancer among cooks in a cohort of 1798 cooks who had 
retired f rom the A r m y Catering Corps and 1310 referents retired f rom the Royal 
A r m y Pay Corps during the period of 1974-89.,〇 The mortal i ty of the study cohort 
was compared w i th that of the national population by the standardised mortal i ty 
ratio method. The death rates of the two cohorts were compared directly by Poisson 
regression analysis. By the end of 1989, 92.4% of the cooks and 93.6% of the 
referents were traced. The study found that the overall death rate of the reference 
group was close to expectation (SMR=1.06, 95% CI: 0.89-1.24), as was mortality 
f rom most of the common causes of death. In contrast, the cooks had significantly 
elevated death rates f rom all causes (SMR=1.48, 95% CI: 1.30-1.69), all types of 
cancer (65 deaths, SMR=1.41, 95% CI: 1.09-1.80), cancer of the large intestine (9 
deaths, SMR=3.03, 95% CI: 1.39-5.75)，lung cancer (32 deaths, SMR=1.82, 95% CI: 
1.25-2.57), ischaemic heart diseases (83 deaths, SMR=1.42, 95% CI： 1.13-1.76), 
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cerebrovascular disease (18 deaths, SMR=2.05, 95% CI: 1.22-3.24)，and digestive 
disease (9 deaths, SMR=2.27, 95% CI: 1.04-4.30). In comparison w i t h the death rates 
of the referents, those of the cooks were significantly elevated for all causes 
combined [risk ratio (RR) = 1.41, 95% CI: 1.14-1.73] and, specifically for cancer of the 
large intestine and circulatory disease (RR=1.45, 95% CI: 1.07-1.96). As for most 
mortal i ty studies, no data was available on the prevalence of smoking in Pay Corps 
specifically, but, in the A r m y as a whole, the habit had been common. In a survey 
done in the A r m y in 1959, 76% had smoked during the previous four weeks. Thus, 
smoking may have contributed to the excess of death rate f rom lung cancer. In 
addition, other smoking-related disease, such as circulatory disease (RR=1.45, 95% 
CI: 1.07-1.96), also shown an excess death rate in this study. This indicates that 
smoking was the most important confounding factor, but the authors could not 
control it. 
To examine the risk of lung cancer in butchers and cooks, Coggon and Wield carried 
out a retrospective cohort study of men who reported work ing in these occupations 
at the 1961 census of England and Wales^\ In this study, 2062 cooks and 4018 
butchers were traced f rom 1961 to 1992. O f these 6080 men, 57% were definitely 
traced and 23% probably traced. The study shown a slight (non-significant) excess of 
lung cancer in definitely traced cooks (SMR=1.06), but found a lower rate of lung 
cancer in all traced cooks including probably traced (SMR = 0.93). Excess mortal i ty 
was observed in cancer of the oral cavity (4 death, SMR=5.57, 95% CI: 1.52-14.26). It 
is diff icult to say whether or not this study provides support for other investigations 
22 
that have suggested a hazard of lung cancer in cooks, because only 57% of subjects 
were definitely traced in this study. 
To analyse the high mortal i ty f rom oral, pharyngeal and laryngeal cancers among 
cooks, Foppa and Minder conducted a study based on information f r om the Swiss 
death registry in 1979-1987 and on 1980 census information^^ Elevated mortal i ty due 
to oral, pharyngeal and laryngeal cancers (36 deaths, SMR=3.03, 95% CI: 1.93-5.03; 
SPMR=2.40, 95% CI： 1.68-3.32) and cancer of the liver (21 deaths, SMR=3.34, 95% 
CI: 1.99-6.05; SPMR=2.96, 95% CI: 1.83-4.52) were found. N o excess mortal i ty was 
found for smoking-related disease, including lung cancer (48 deaths, SMR=0.81, 95% 
CI: 0.53-1.31; SPMR=0.75, 95% CI: 0.55-1.00), bronchitis, emphysema, asthma (65 
deaths, SMR=1.03, 95% CI： 0.69-1.61; SPMR=LOO, 95% CI： 0.77-1.27) and 
ischaemic heart diseases (167 deaths, SMR=0.97, 95% CI: 0.68-1.44; SPMR = 0.93, 
95% CI: 0.79-1.08). The authors suspected that the combined use of alcohol and 
tobacco was a very important factor in the aetiology of oral, pharyngeal and 
laryngeal cancer. However, this study could not provide first hand information 
about the tobacco smoking and alcohol dr inking habits of the study population. 
Moreover, i f Swiss cooks had a higher prevalence of smoking than that of the 
reference population, they should have higher mortal i ty in smoking-related diseases, 
which was not the case in this study. Thus, the elevated mortal i ty in oral, pharyngeal 
and laryngeal cancers was probably due to other occupational hazards or just a result 
of the play of chance. 
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To explore whether the lung cancer incidence in bakers and pastry-cooks exceeds 
that of the whole population, a cohort study was undertaken for Swedish bakers and 
pastry-cooks using data in the Swedish Cancer Environment Registe/ \ In the 
national census of 1960, 14,352 males and 4,891 females born 1891-1940 were 
identified as bakers or pastry-cooks. In this cohort, 188 male and 24 female lung 
cancer cases were reported to the national Cancer Registry 1961-1979. Standardised 
incidence ratios (SIR) were calculated as ratios of observed to expected numbers of 
cancer cases and standardised for year of bir th, period of fol low-up and geographical 
region. The SIR for lung cancer among men was 1.43 (188 cases. 95% CI: 1.23-1.65), 
and among women was 1.58 (24 cases, 95% CI: 1.01-2.35). When the analysis was 
restricted to men born during 1896-1930 and adjusted for smoking, the SIR for lung 
cancer was reduced f rom 1.37 (95% CI： 1.18-1.60) to 1.28 (95% CI: 0.96-1.70). The 
study suggested that an excess risk of lung cancer existed for the occupational group 
of bakers and pastry-cooks, even if consideration for smoking habits somewhat 
reduced the risk estimate. In this study, the occupational classification was based on 
what the persons reported as their usual occupation during one week in 1960, and no 
data on earlier or later changes in their occupation was available in this register. 
Thus, misclassification resulting f rom occupational changes was a problem that 
would tend to reduce any associations between work-related exposures and lung 
cancer risks. 
A national cohort based on the census and the death registration files f rom 1970 to 
1980 was analysed to see if skilled Danish bakers had an excess of respiratory 
cancers74. The cohort included everyone aged 20 to 64 in Denmark at 9 November 
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1970. A total of 8237 skilled male bakers were traced for ten years. O f these men, 
105 bakers died in the study period. After adjusting for confounding factors such as 
smoking habits and social status, significant excess mortal i ty f rom cancers of the 
respiratory tract was found among skilled bakers in hotels and restaurants (5 deaths, 
SMR=383, 95% CI: 118-806). The authors suggested that polycyclic aromatic 
hydrocarbons (PAH) which might be formed through pyrolysis in the baking ovens 
were causing respiratory cancers in bakers. 
In 1989, Andersen et al conducted a prospective cohort study among 2413 males who 
were registered as waiters at the 1960 census in Norway/^ The follow-up period was 
1961-1984. The study found excess risks of cancers for the fol lowing primary sites: 
upper respiratory and digestive tracts combined 42 observed against 11.3 expected, 
liver (14 deaths, SIR=488, 95% CI: 266-818)，rectum (28 deaths, SIR=201, 95% CI： 
134-291), and lung (67 deaths, SIR=153, 95% CI: 119-195). A significantly lower risk 
of stomach cancer (14 deaths, SIR=55, 95% CI: 30-91) was observed. The authors 
suggested that smoking and alcohol were important etiologically factors for the types 
of cancer in which an excess risk had been demonstrated, but data on smoking and 
alcohol consumption were not available. 
To analyse cancer incidence in restaurant workers, K j^ rhe im and Andersen 
conducted a historical cohort study in male waiters and cooks in Norway^^. The 
cohort consisted of skilled male workers, 1,463 waiters and 2,582 cooks which were 
followed up f rom 1959 through 1991. The percentage of losing follow-up was 0.8% 
for waiters and 1.2% for cooks. The study was based on a comparison of observed 
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and expected numbers of new cancer cases, and the total sum of person-years of 
follow-up was 36,727.0 for waiters and 57,765.5 for cooks. The standardised 
incidence ratio (SIR) was calculated in this study. Cancers of the mouth, tongue, 
pharynx, larynx, oesophagus, and liver were grouped together, using the term 
alcohol-associated cancers. There was a significant excess of new cancer cases at all 
sites among waiters (146 cases, SIR=1.4, 95% CI: 1.2-1.7) and a slight excess (not 
significant) among cooks (76 cases, SIR=1.1, 95% CI: 0.9-1.4). In both groups, 
significant elevations were found for cancers of tongue, mouth and pharynx (waiters: 
12 cases, SIR=6.2, 95% CI: 3.2-10.8; cooks: 5 cases, SIR=3.7, 95% CI: 1.2-8.7) and 
larynx (waiters: 5 cases, SIR=3.5, 95% CI: 1.2-8.2; cooks: 5 cases, SIR = 6.4, 95% CI: 
2.1-14.9). Addit ional significant elevations were found for oesophageal cancer in 
waiters (7 cases, SIR=5.9, 95% CI: 2.4-12.2) and liver cancer in cooks (3 cases, 
SIR=7.6, 95% CI: 1.6-22.2). The SIR for all alcohol-associated cancers combined was 
5.1 (27 cases, 95% CI： 3.4-7.4) for waiters and 4.2 (13 cases, 95% CI： 2.2-7.2) for 
cooks. Lung cancer was elevated significantly among the waiters, w i th an SIR of 2.0 
(27 cases, 95% CI: 1.3-2.9)，while the SIR for lung cancer in cooks was 0.7 (5 cases, 
95% CI: 0.2-1.7). These findings suggested that the cooks and waiters had an excess 
risk of alcohol or tobacco-associated cancers. However, this study was lack of 
individual information on exposure to alcohol and tobacco. A cross-sectional study 
carried out in Norway in 1992 provided the indirect data on these exposures/^ It 
showed that there were slight higher alcohol and tobacco consumption among 
waiters and cooks than that of the general population. Therefore, other etiologic 
factors could not be ruled out completely based on these results. 
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2.13 Case-control studies 
I n a case-control study, the study sample is constituted by ident i fy ing a group w i t h 
the disease and another group w i thou t the disease. Data were collected to determine 
what p ropor t ion in each group had been exposed to the factor under investigation. 
The case-control study is wel l suited to the situation of a relatively rare disease, such 
as cancer, and a relatively common exposure factor. I t was used relatively 
infrequently i n occupational cancer studies, part ly because of scepticism about the 
accuracy of job history reported at interview and part ly because of the relatively low 
prevalence i n the populat ion of specific occupations or occupational circumstances. 
There were few case-control studies look ing into the relationship between 
occupations and cancers. 
A case-control study was init iated in the Montreal area to provide data concerning 
the possible associations between several cancer sites and many occupational 
exposures spanning the entire industrial spectrum，i. The target populat ion of cases 
consisted of males aged 35 to 70, and presenting during the periods of ascertainment 
w i t h a histologically confirmed cancer. Cancer controls (for each cancer site, controls 
selected f r o m among patients w i t h cancer at other sites) and a small population 
control series were used as the control group. The study showed excess risks for 
cancer of the stomach (10 cases, OR=1.8 , 90% CI: 1.0-3.2), small intestine (6 cases, 
OR=6.0 , 90% CI: 2.7-13.3), pancreas (6 cases, OR=2.6 , 90% CI: 1.2-5.7) and 
Hodgkin 's lymphoma (4 cases, OR=3.0 , 90% CI: 1.2-7.8) among cooks, and elevated 
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risk for cancer of the small intestine (6 cases, OR=4.2, 90% CI: 1.9-9.2) but low risk 
for lung cancer (63 cases, 〇R=〇.7，90% CI: 0.5-1.0) among food service workers. 
To examine the associations between occupation and lung cancer, Notan i et al 
conducted a case-control study in India/8 They selected 246 male lung cancer patients 
as cases f rom a hospital in Bombay between June 1986 and May 1990. Controls 
(n=212) comprised of male patients w i th oral (75%), pharyngeal cancers (13%)，and 
non-neoplastic oral diseases (12%) in the same hospital. Comparing ‘ever，employed 
w i th ‘never’ employed in a particular occupation, significantly elevated risk (adjusted 
for smoking) was found in cooks/helpers in kitchen (9 cases, OR=4.48, 95% CI: 1.2-
16.9). The l imitat ion of the study was the lack of statistical power due to either small 
numbers or low prevalence of exposure. 
In New Jersey, a case-control study of bladder cancer (1978-1979) w i th 658 cases and 
1258 general population controls showed no significant risk of bladder cancer among 
cooks (24 cases, OR=1.34, 95% CI： 0.77-2.34f. 
Using a job exposure matrix in a case control study w i th 598 lung cancer cases and 
1180 controls during the period 1975-1979, Coggon et al found an excess risk for 
carcinoma of the bronchus among cooks; the relative risk (odds ratio) was 6.7 (10 
cases, 95% CI: 1.8-24.2)^°. This study was based on occupational records extracted 
f rom death certificates. It was cheap and convenient, but it was impaired by 
deficiencies in the diagnostic accuracy and by the lack of information about potential 
confounding factors. 
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One of the chief advantages of case-control studies is that they can be conducted far 
more rapidly and less expensively than cohort studies. Case-control studies offer the 
oppor tun i ty to investigate mult iple etiologic factors simultaneously; however, one 
case-control study does not al low for the examination of mult iple effects of exposure. 
The greatest l imi ta t ion of case-control studies is that they are more susceptible to bias 
than other analytic study designs. 
2.1.4 Case reports 
Case reports are useful in the recognition of new disease and the formulat ion of 
hypothesis concerning possible risk factors, but they cannot be used to test for the 
presence of a val id statistical association, since they are based on the experience of 
only one person. 
In 1988, Wardle reported an alveolar cell carcinoma of the lung in a non-smoking 
female cook, who unavoidably inhaled the fumes of hot fat and oils over many 
years.8i This report assumed that inhaling the fumes f rom cooking oils was the cause 
of this patient's alveolar cell carcinoma, but as a case report i t cannot conf i rm the 
relationship between cooks dying f rom lung cancer and exposure to fumes of 
vaporised cooking oils. 
2.1.5Summary 
In summary, a total of 24 occupational epidemiological studies were reviewed. The 
summary of these studies were shown in table 2.1，table 2.2 and table 2.3. These 
studies showed that food-service workers had elevated risks f rom cancers of mouth, 
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buccal cavity, pharynx, nasopharynx oesophagus, stomach, colon, rectum, liver, 
larynx, lung, and bladder. O f these studies, for lung cancer, 13 (52%) studies showed 
significant excess risk of lung cancer among food-service workers, 6 (25%) studies 
showed slight excess risk which were not significant. For liver cancer, 8 (80%) studies 
found elevated risk among these workers. Table 2.4 showed the summary of the risk 
for selected cancers among food-service workers. 
A statistical association was found between lung cancer and work ing in restaurants 
f rom the above-mentioned studies, but the strength of the association was relatively 
weak. The values of SMR, SIR or O R in these studies ranged f rom 0.7 to 5.88, 0.7 to 
2.46, 0.6 to 6.7, respectively. Table 2.5 showed the summary of the risk f rom lung 
cancer. 
Al though these studies did not show a strong association between lung cancer and 
work ing in restaurants and it is diff icult to exclude other alternative explanations, 
like smoking and drinking, or social status, it is still hard to say that cooking fume is 
not related to lung cancer. The findings of those epidemiological studies mentioned 
above would unlikely be generalised to the Chinese food-service workers in H K . 
The characteristics of the population in H K , such as smoking and dr inking habits, 
consumption of particular foods, the ventilation of the work ing place and especially 
the cooking style are different f rom those countries. As reviewed in section 2.2， 
experimental studies found that there were some suspected carcinogens in cooking 
fumes. In addition, no study on the relationship between lung cancer and working in 
Chinese restaurants has been conducted up to now. Thus, we conduct the present 
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study among Chinese food-service workers in H K to explore their risk of dying 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2.4 Summary of the risk f rom selected cancers among food-service 
workers 
Cancer sites No of No of studies showing No of studies showing 
studies excess risk significant excess risk 
(Percentage) (Percentage)  
A l l sites 8 6 (75%) 4 (50%) 
Mouth, 16 13(81%) 10 (63%) 
pharynx 
Oesophagus 12 9 (75%) 4 (33%) 
Stomach 12 6 (50%) 1 (8%) 
Colon, rectum 15 4 (27%) 1 (7%) 
Liver 10 8 (80%) 5 (50%) 
Larynx 11 9 (82%) 4 (36%) 
Lung 25 19 (76%) 13 (52%) 
Bladder W 6 (60%) 0 (0%) 
Table 2.5 Summary of the risk f rom lung cancer among food-service workers 
in 24 studies 
Measure of association No. of studies Min. value Max. value 
s lR 8 0 ^ 2 ^ 
SMR 13 0.7 5.88 
OR or RR 6 0 ^ 6.7 
2.2. Mutagens and Carcinogens in Cooking Fumes 
A t high temperature food and edible oil can produce complex thermally 
oxidised reactants. It is well established that when heating food, mutagenic 
agents may be formed. Heat-induced mutagens have been found both in the 
food and in the fumes. Therefore, cooking fumes was defined as "a mixture of 
volatile substances of variable composition resulting f rom thermal degradation 
of fats and other food constituents"/^ 
39 
2.2.1 Mutagens and carcinogens in cookingfumes 
Fo l low ing the identif ication and quantif ication of carcinogens and mutagens in 
cooked meat, ’^丄二 Rappaport et al reported that over 90% of the mutagens 
produced dur ing the cooking of beef were volatil ised in to the a i r . Subsequent 
studies conf i rmed that heat processing of foods r ich in protein produces 
airborne compounds that were mutagenic in a number of short-term tests, 
wh ich included the Salmonella mutat ion, the SV40 forward-mutat ion, the 
sister chromat id exchange and the mouse bone marrow micronuclei assays. ^^ "^ ^ 
These studies also found that the pan temperature and different cooking 
methods were important for mutagen formation. The mutagenicity increases 
about f ive-fold when the pan temperature was increased f r om 200 to 300°C/^ 
Higher levels of mutagenic activity were found in f ry ing or broi l ing of meat 
than in either baking, stewing or microwave c o o k i n g ? 
Volati le emissions f rom several types of cooked food (e.g., beef, pork) were 
found to be mutagenic, as were samples household and restaurant kitchen air. 
82,83,84 So far, air borne mutagens and carcinogens produced by cooking food 
include heterocyclic amines, N-Nitrosamines, formaldehyde and urethan (ethyl 
carbamate).85 A study in China showed that the concentration of 
benzo[a]pyrene [B(a)P] in kitchen air was affected by the type of cooking 
methods.28 In the same kitchens, whereas the baseline value B(a)P in indoor air 
was 0.41 ^g/ lOOm^ i t was elevated to 0.65 |Llg/lOOm^ when meat was heated 
and further increased to 2.64 |Hg/lOOm^ when meat was stir-fried. This study 
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indicated that large quantities of B(a)P were generated by some cooking 
methods. 
Other laboratory studies focused on the fumes f rom heating oil. In 1986, using 
the Ames test, Q u et al reported that the mutagenicity of the extract f rom 
rapeseed oi l vapour was stronger than that f rom soybean oi l vapour.^^ 
Condensates of volatile emissions f rom heated oi l were repeatedly shown to be 
genotoxic to bacterial tester strains.^ '^^ '^^ '^^ °'^ ^ T w o other studies also suggested 
that rapeseed oi l condensates contain some electrophilic compounds that could 
react w i t h D N A directly to fo rm adducts.^^' ^ ^ 
Later on, three studies were undertaken to qualitatively identify the volatile 
components emitted during the heating of cooking oils to 265-275°C ^^ ' ^ '^恥 
The major constituents identified in the rapeseed oi l vapour were saturated, 
unsaturated and oxygenated hydrocarbons. These three studies observed that 
heated cooking oils emitted a variety of toxic agents including 1,3-butadiene, 
benzene, benzo(a)pyrene [B(a)P], dibenzo(a, h)anthracene (DBahA), acrolein, 
formaldehyde and acetaldehyde. 
Among these chemicals, Benzo(a)pyrene [B(a)P], and dibenzo(a,h)anthracene 
(DBahA) have been classified as suspected human carcinogens by the American 
Conference of Governmental Industrial Hygienists (ACGIH.)^^ One of the 
chemicals, 1,3-butadiene, has been classified as a probable (group 2A) human 
carcinogens by the International Agency for Research on Cancer ^^ '明 and a 
suspected human carcinogen by the A C G I H ^ Results of recent inhalation 
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carcinogenicity studies demonstrated that 1,3-butadiene is a multiple-organ 
carcinogen. I t could cause lung cancer in mice at exposure concentration as low 
as 6.25 PPM.24-27 
Acrolein, a highly reactive unsaturated aldehyde, was found to be mutagenic in 
a number of different test systems/。。’ 皿’皿 but human epidemiological studies 
were lacking. Acrolein as one of the strongest cytotoxic and ciliostatic agents 
wou ld cause bronchial and alveolar destruction. I t was formed when 
lubrication oils or edible fats were heated)。]’ In experiments in which hamsters 
were exposed to acrolein vapour at 4 PPM for 52 weeks, it was found to act as 
a co-carcinogen w i t h benzo-(a)pyrene, especially in females，，^°^ 
Other volatile decomposition products of the cooking oils may contribute to 
lung cancer risks. Whi le benzene is an established human leukemogen，呢 its 
association w i th lung cancer is not clear. However, an increased risk has been 
reported in benzene-exposed Chinese workers °^^  and experimental study also 
indicated that benzene might be a lung carcinogen. °^^  
2.2.2 Summary 
Mutagenic compounds may be often carcinogenic. However, the mechanisms 
of carcinogenesis are complex and are not yet ful ly understood. Results f rom 
experimental studies demonstrated that cooking oi l could produce several types 
of cytogenetic responses, i.e. D N A damage and chromosomal damage, and 
fumes contain human carcinogen or suspected human carcinogen. Although it 
was realised that all the increased cancers were not necessarily the result of 
D N A damaging or other genotoxic events, the D N A damage and 
chromosomal damage could provide preliminary information about the 
42 
potential carcinogenicty of chemical compounds. The mutagens found in the 
cooking fumes and their mutagenic characteristics were dependent on the 
temperature and method used for cooking (deep-frying, roasting, charcoal 
broil ing), the type of edible oi l / fat involved and number of times i t had 
previously been heated. Collectively, these laboratory findings indicated that 
cooks or kitchen workers, particularly Chinese cooks doing a lot of stir-frying, 





3.1 Study Design 
This is a study on proportional mortal i ty ratio, and the standardised 
proport ional mortal i ty ratio (SPMR) method was adopted. 
In occupational epidemiology, mortal i ty studies using the retrospective cohort 
design can evaluate patterns of mortal i ty among a group of employed persons. 
As described in Chapter 2, i f information on vital status of the entire cohort 
can be obtained, the standardised mortal i ty ratio (SMR) study can be carried 
out. A SMR study requires information on the size of the population at risk, 
or more specifically, the number of person-years of follow-up in the cohort of 
workers under study. When it is impossible or too expensive to quantify the 
person-years of follow-up, a common practice is to calculate the proportional 
mortal i ty ratio. 
Proportional mortal i ty studies have been used considerably in descriptive 
cancer epidemiology where, in the absence of information on vital status of the 
entire cohort, they may draw attention to unusual or contrasting patterns of 
cancer occurrence. In the standardised proportional mortal i ty ratio (SPMR), 
the proport ion of deaths f rom a specified cause relative to all deaths among the 
cohort is compared w i th the corresponding proport ion in the non-exposed 
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group or the general population. Like the SMR, the SPMR Is an estimate that 
is standardised to control for the potential confounding effects of variables such 
as age, sex, race or calendar t ime period. However, whi le the SMR method 
requires detailed knowledge of the exposed population in each stratum, the 
SPMR method only requires knowledge of the proport ion of cause-specific 
deaths observed in each stratum. Thus, the proport ional mortal i ty study can be 
a cost-effective method that provides a rough measure of the effects of cohort 
membership or of specific exposures on mortal i ty caused by particular diseases. 
Proportional mortal i ty studies may be of considerable value in the init ial stages 
of an investigation. They may indicate a f ru i t fu l orientation for later, more 
rigorous studies and certainly provide a cheap and rapid way of taking an 
init ial look at a set of data. 
Conducting a SMR study on food-service workers in H K is extremely difficult, 
if not impossible. Most restaurant employers do not keep employees' records 
for a long period of time due to the frequent turnover of workers. O n the 
other hand, although unions have been keeping good records of their 
members, the unionisation rate is very low. Furthermore, most unions are 
very reluctant or refuse to provide addresses and telephone numbers of their 
members to outside investigators. Even i f the information is available, tracing 
the members of the cohort w i l l cost much time and money. Thus, it was 
decided to conduct a SPMR study based on the deaths recorded by food-service 
workers unions in H K . 
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3.2 Study Population and Subjects 
The target populat ion of this study were food-service workers wo rk ing in 
restaurants in H K . Food-service workers were defined as those employed 
under industrial code 641 (Chinese restaurants, restaurants other than Chinese 
restaurants, fast food shops) according to the H K Standard Industry 
Classification (HSIC) 
O n l y male food-service workers were included in the present study, as a 
prel iminary survey indicated that 99% of workers work ing inside kitchen were 
males. The subjects were identified through records of food-service workers 
unions. A l l male food-service workers who died at the age of 30 or above 
during the period 1986-1995 were chosen as the study subjects. Deaths at the 
age of less than 30 were excluded on the grounds that their cancers were 
unl ikely to be due to occupational exposure. 
There were fourteen food-service workers unions in H K w i t h about 40,000 
members in 1995/ The number of members in these 14 unions varied widely. 
The major i ty of the unionised workers were in five out of 14 unions. A l l five 
unions were approached to request information for this study. Finally four 
unions w i t h about 35,000 members consented to participate. As mentioned in 
Chapter 1，there were about 180,000 food-service workers in 1995 in H K . 
Thus, this study included around 22% (40,000/180,000) of all food-service 
workers and 88% (35,000/40,000) of all unionised workers. 
* Estimation given by Mr. Cheng Kem Man, Chairman of Catering Industry Occupational Safety & 
Health Committee of the Hong Kong. 
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Food-service workers joined a un ion because the un ion might help them in 
labour disputes and also provided some benefits to them. Someone left the 
un ion probably because he went abroad or changed his job or just stopped 
paying the annual subscription. The decision to jo in or leave was not directly 
related to the health status. To a certain extent, workers f r o m unions could be 
considered as a representative sample of all food-service workers in H K when 
health outcomes were being assessed. There was no reason to believe that 
un ion members wou ld differ systematically f r om other food-service workers 
w i t h regards to health outcomes. 
A l l the selected worker unions were established in the 60s or 70s. They kept 
good records of their members including those members who had left the 
union, could not be contacted or had died. T w o unions had computerised 
their members' records since 1985. Among the dead members, the major i ty 
died after 1986. Hence it was decided to study the deaths that occurred during 
the ten years f rom 1986 to 1995. 
N o attempt was made to adjust for the effect of any ethnic mortal i ty 
differentials because all members of these four food-service unions were 
Chinese and non-Chinese comprised less than 2% of the general population in 
H K . 
Thus, the study subjects consisted of Chinese male food-service workers who 
had been a food-service union member and died at age 30 or above w i th in the 
period ofJanuary 1, 1986 to December 31，1995 in H K . 
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3.3 Reference Population 
The reference population (non-exposed group) consisted of all deaths at aged 30 
or above f rom the total male population in H K during the period 1/1/1986 to 
31/12/1995. 
Theoretically, a standardised proport ional mortal i ty ratio using a non-exposed 
population, such as another occupational group, as the reference population 
would give a more valid estimate of the true effect of the exposure and might 
avoid the healthy worker effect. In H K , it would be very diff icult to identify 
all members of an occupational group f rom the general population due to the 
lack of complete employment data for the general population. 
In present study, the general population were chosen as the reference 
population since: 1) information needed was readily available; 2) estimates of 
proportions were based on large numbers and thus were stable; 3) there was no 
other suitable reference group. 
3.4 Sample Size Estimation 
For proportional mortal i ty study, Breslow & Day provided two methods to 
estimate the number of deaths f rom the disease of interest for the study 
populationi。8. 
The first approach was to use tables 7.1 and 7.2 (a) of Breslow & Day's book^°^ 
(see appendix 1). For a power of 91%, a 0.05 (one side) and relative risk 1.5， 
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one w o u l d need an expected number of deaths (deaths f r o m lung cancer) of 45 
and an observed number of deaths of 57. W i t h an estimated propor t ion of 
death due to lung cancer of 0.1 in the general population, the total number of 
deaths needed was around 570. 
Another approach was to use the equation (7.1) i n the same Chapter of 
Breslow & Day，book^°^ T o have a probabi l i ty P of obtaining a result that was 
significant at a level when the true relative risk was R, the expected number of 
deaths (E) in the study populat ion was: 
£如 2 1 _ , ) / 4 (广 - 1 ) 2 
and the observed number of deaths (D) in study populat ion was: 
D > { ^ - + ( z J / 2 f 
Where 2i-p is the (l-p) point of the standard normal distr ibution. When a = 
0.05 (one side), P = 0.8, R = 1.5, the estimated observed deaths (D) f r om lung 
cancer in the study population is around 54，and the total number of deaths 
required is around 540. 
3.5 Data Sources and Data Collection 
T w o sources of data were utilised in this study: 
i) Records ofunion members'. 
A total number of about 35,600 records over the past 35 years were available 
f r om the four unions selected. Unions in H K used to provide benefits to the 
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relatives of members who died while they were stil l on the roster. For this 
reason, most deaths among members should have been reported to the unions 
by their relatives. The fo l lowing information was abstracted f rom the records 
of deceased members: 
A . Membership card number 
B. Chinese name 
C. H K Identity Card number (missing in a few records) 
D . Sex 
E. Date of b i r th 
F. Date of death (some dates were not exact) 
G. Died in H K or not 
H . Department and post (missing in some records) 
I. Date (or age) of joining 
J. Last date of membership fee payment 
K. Place of origin. 
Items B to F above were used to trace the underlying cause of death. When 
someone died in other places rather than in H K , the underlying cause of death 
could not be traced. Thus, those members who died in other places were 
excluded f rom this study. Item H to K would be used in the internal 
comparison. 
ii) Death registration ofthe general population in HK (1986-1995): 
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I n H K the total populat ion has been successively enumerated every ten years 
since 1961. Death registration is legally required and is believed to be v i r tual ly 
complete in the past few decades. 
A n identif ication death number and the date of death registration were 
retrieved by matching informat ion of deceased workers w i t h the death 
registration files of the B i r th & Death Registry of H K . 
W i t h the death number and the date of death registration, the International 
Classification of Diseases ( ICD, the 9^ ^ version) code for the underlying cause 
of death for each deceased worker was obtained f rom the H K Census & 
Statistics Department. A t the same time， information on age at death，date of 
death, sex, and the I C D code for the underlying cause of death for the general 
population (1986-1995) was obtained f rom the H K Census & Statistics 
Department. 
The death registration data for the general population was directly transferred 
electronically f rom the H K Census & Statistics Department. Information of 
the deceased food-service workers was collected by the fo l lowing three steps 
(figure 3.1). 
Firstly, the personal and occupational information for all deceased members 
was abstracted f rom the union records using a data collection form (see 
appendix 2). Four trained research assistants read through the members' 
records in the four unions and abstracted the information needed. A l l 
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informat ion was double-checked by a different person to ensure that correct 
and complete information had been collected. 
Secondly, a search on the death number, the date of death registration, and the 
exact date of death for deceased members was made using the information 
collected in step one. A list w i t h the deceased members' Chinese name, H K 
Identify Card number, date of death was sent to the Bi r th & Death Registry of 
H K . After matching w i t h the files of death registration, the death number, the 
date of death registration and the exact date of death for the deceased members 
were retrieved. 
Finally, the corresponding I C D code for the underlying cause of death for each 
deceased member was searched. A computer file that included the sex, death 
number, date of death registration, and the exact date of death of the deceased 
members was sent to the H K Census & Statistics Department. After matching 
the information of the above four items by computer, a new data file w i th all 
the above information together w i th the I C D codes was compiled. A case 
number was given to each deceased member for identification and subsequent 
linkage of data files. 
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Figure 3.1 S u m m a r y of data col lect ion 
Data col lect ion 
, • ' • 
Study popu la t ion Reference popu la t ion 
Identi fy all workers who died within Obta in the cause of death cod ing 
the per iod of 1986-1995 from records (ICD code) , sex, date of dea th , age of 
of food-serv ice workers un ions. death within the per iod of 1986-1995 from 
the Census & Stat ist ics Depar tmen t of HK. 
Search the death registry 
n u m b e r from the Birth & Death 
Registrat ion of HK 
Obta in the cause of death cod ing 
(ICD code) f rom the Census & 
Stat ist ics Depar tment of HK. 
3.6 Data Processing 
The deceased workers' records were entered into a data file using Microsoft 
Excel. Workers' job titles were coded according to the coding fo rm (See 
appendix 3). The purpose of coding the job tit le was to divide food-service 
workers into two subgroups: those work ing inside kitchens and those work ing 
outside kitchens. For the protection of personal data, a case number was 
entered for each deceased worker instead of the name and H K I D Card 
number. 
Two experienced research assistants entered the same data set into a computer 
separately fol lowing identical procedures. The two data files were then 
compared by a computer programme and discrepancies between the two data 
files were checked and corrected after referring back to the original records. 
53 
3.7 Data Analyses 
Analyses were carried out by three approaches using the same set of data. 
Tradit ional standardised proport ional mortal i ty ratios for specific causes of 
death were calculated first. Considering the limitations of P M R studies which 
wou ld be discussed in more details later in Chapter 5, a series of ‘adjusted’ 
SPMRs 109 were calculated to f ind out whether a cause-specific SPMR was 
affected by a particular high or low rate in another cause. Furthermore, the 
mortal i ty odds ratio ^vlOR) ^。was adopted to analyse the same data set. 
3.7.1 Standardised proportional mortality ratio (SPMR) 
Indirect standardisation was used to control for confounding. The age-specific 
proport ional mortal i ty ratios for the five years age strata of the general 
population were used for calculating the standardised proport ional mortal i ty 
ratio (SPMR). The expected number of deaths in the study population due to a 
specific cause was computed on the basis of the proport ion of that cause among 
all causes in the general population. 
I f a SPMR is greater than 1，it suggests an increased risk f rom the disease of 
interest, say, lung cancer, in the study group when compared to the general 
population. This is the formula for calculating the cause specific SPMR:^ 
y^ Observed Deaths V d 
SPMR = ^  = ^ F^^  
^ Expected Deaths 2 . 似 * " * ) 
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d denotes the number of deaths f rom the cause of interest observed in 
each 10-years age stratum (30-39, 40-49, 50-59, 60-69，>70) during 
each of the two 5-years periods (1986-1990, 1991-1995) in the study 
group; 
d* denotes the corresponding number of deaths in the reference population; 
t denotes the total numbers of age and period specific deaths, regardless 
of cause in the study group; 
t * denotes the total numbers of age and period specific deaths, regardless 
of cause in the reference population; 
d* / t * is the population proportions of deaths f rom the cause of interest. 
The confidence interval of SPMR was estimated based on the standard error 
recommended by Breslow & D a y ^ . 
yd{t-d)ity^ QT7 — — ^^{LnSPMR) — D 
(where D = X d) 
and 95% confidence interval: 
Upperlimit = e C M R + i.96xSE) 
L o w e r l i m i t = e C M R - i . 9 6 x S E ) 
A result wou ld be regarded as statistically significant i f the 95% C I did not 
include 1. 
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SPMRs and 95% confidence intervals were computed by using the statistical 
software package ‘SPSS 7.5 for Windows 95' according to the above equations. 
The analysis included cancers of the nasopharynx ( ICD code: 147), oesophagus 
( ICD code: 150), liver ( ICD code: 155), larynx ( ICD code： 161)，lung ( ICD 
code: 162) and bladder ( ICD code: 188) which were possibly related to cooking 
fumes exposure in other studies (see Chapter 2). Cancer of the mouth, oral 
cavity were excluded as there were 5 cases only and all the 5 cases were f rom 
the outside kitchen group. T w o other types of cancers, stomach cancer ( ICD 
code: 151), colorectal cancer ( ICD codes: 153-154), being common cancers in 
H K , were also examined. In addition, cancer of the all sites ( ICD codes:140-
208) was examined. 
3.7.2 'Adjusted'SPMRs 
To determine whether a particular SPMR would be influenced by an abnormal 
rate in one of the major causes of death, and i f so, to provide a new estimate of 
the SPMR discounting such influence, a method named ‘adjusted，SPMR 
suggested by McDowal l was applied^°^ 
Before calculating the adjusted SPMRs, the most common causes of death (in 
terms of proport ion of total deaths) for male food-service workers in H K 
should be found out, because abnormal rates of those diseases would more 
l ikely affect the value of a particular SPMR. The 10 most common causes of 
death were presented in table 3.1. A series of adjusted SPMRs taking into 
consideration the influence by the five most common causes were calculated. 
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The five causes of death were lung cancer ( ICD code: 162), ischaemic heart 
diseases ( IHD) ( ICD codes: 410-414), cerebrovascular diseases ( ICD codes: 430-
438)，liver cancer ( ICD code: 155)，and bronchopneumonia & pneumonia ( ICD 
codes:485-486). 
Table 3.1 Most common causes of death in male food-service workers in H K 
1986-1995 
Cause of death (ICD code, 9^ ^ revision) % of total deaths~~~ 
Lung cancer (162) 12.27 
Ischaemic heart diseases (410-414) 11.96 
Cerebrovascular disease (430-438) 9.51 
Liver cancer (155) 5.98 
Bronchopneumonia, pneumonia (485-486) 5.21 
Chronic airways obstruction (496) 3.99 
Cancer of nasopharynx (147) 3.83 
Cancer of oesophagus (150) 3.2 
Cancer of colon (153) 3.2 
Chronic renal failure (585) 2.6 
Others 38.24 
Total 1 ^ 
The fol lowing approach demonstrated how to ‘adjust，a SPMR. Firstly, a 
cause-specific SPMR was calculated. Secondly, it was recalculated on the basis 
of the proport ion of all causes less the most common cause of death (lung 
1 
.丫、 f-.. 
cancer). Thirdly, it wis fecalculated again using all but the two most common 
causes of death ^ung cancer and H D ) and so on unt i l finally, it was 
recalculated on the basis of all but the five most common causes of death. I f the 
cancer of interest was one of the five major causes of death, say lung cancer, the 
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procedure was similar, except that the other four major causes of death were 
removed step by step to see whether they unduly influenced the lung cancer 
SPMR. Variations in the resulting series of SPMRs would indicate whether the 
original SPMR could be excessively influenced by abnormally high or low 
rates in the major causes of deaths. Similarly, for a specific cancer, another 
adjusted SPMR was calculated by removed all other types of cancer. 
3.7.3 Mortality odds ratio (MOR) 
A n alternative statistic, mortal i ty odds ratio (MOR), was used to analyse the 
proport ional mortal i ty data. The M O R is the ratio of the mortal i ty odds 
between the disease of interest and other diseases for the occupation of interest 
compared w i t h a non-exposed comparison group. The M O R has the 
interpretation of the observed-to-expected ratio or the standardised mortal i ty 
ratio on an assumption that the mortal i ty rates for the other causes were 
unrelated to the exposure. ^^ ° 
In fact, the M O R approach is essentially equivalent to a case-control approach, 
where the cases are all of the deaths f rom the disease of interest, the controls 
are the auxiliary causes of death, and the exposure is the occupation under 
study. Thus, a cause specific M O R is calculated according to the fol lowing two-
by-two table:iii 
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Table 3.2 Presentation of data in a two-by- two table f r o m a M O R study 
Exposed group of non-exposed group Total 
interest (study (reference population 
population)  
Cause of death 
of interest a b mi=a+b 
Reference 
causes of death c d mo=c+d 
Total ni=a+c np=b+d T 
a / b ad 
MOR^-- = — 
d d bc 
I n the present study, all individuals who died at age 30 or above f rom January 
1，1986 to December 31, 1995 in the general population were used as the 
comparison group. A series of seven M O R s for a specific cause of death were 
calculated using different auxiliary causes of death (reference causes of deaths). 
The seven types of reference causes of death were the fol lowing: 
1) A l l other causes of death 
2) A l l other causes excluding lung cancer 
3) A l l other causes excluding lung cancer and ischaemic heart diseases 
4) A l l other causes excluding lung cancer, ischaemic heart diseases, and 
cerebrovascular diseases 
5) A l l other causes excluding lung cancer, ischaemic heart diseases, 
cerebrovascular diseases, and liver cancer 
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6) A l l other causes excluding lung cancer, ischaemic heart diseases, 
cerebrovascular diseases, liver cancer, and bronchopneumonia & 
pneumonia 
7) A l l other causes excluding all types of cancers. 
In this approach, the mortal i ty odds ratios were calculated as f rom a 
community-based case-control study where both the cases and the 7 types of 
controls were drawn f rom the deceased populations. I f the mortal i ty odds ratio 
of a specific cause of death was greater (less) than 1，it could be inferred that the 
occupational cohort experienced increased (decreased) rate of death f rom this 
cause relative to the reference population. 
As Miett inen indicated that mortal i ty odds ratio approach could be viewed as a 
special case of case-referent study/^° the usual statistical methods for case-
control study, such as Mantel-Haenszel's method and logistic regression, could 
be used to calculate the mortal i ty odds ratio/^^ The logistic regression model 
was used in this study rather than Mantel-HaenszePs method. I t was easy to 
compute the MORs and the confidence intervals in the logistic regression 
model using the software package, SPSS for Windows. It was also more easy to 
adjust for other possible confounding factors, such as age at death, year of 
death, place of origin, work ing years, etc. using the logistic regression. 
In the logistic regression model, deaths f rom specific cause were treated as cases 
and the seven types of auxiliary causes of death were chosen as multiple 
controls. The mortal i ty odds ratios for the eight selected types and all sites of 
cancers were computed in both external and internal comparisons. 
60 
For the internal comparison, the study population was divided into two 
subgroups by the workplace. Those work ing outside kitchen were the 
reference group. Considering the sample size, all causes of death excluding the 
cancer of interest were used as the reference causes. O n the other hand, 
substances in cooking fumes might be multiple-organ carcinogens, and as a 
result of such exposure, deaths f rom all types of cancers among the kitchen 
workers might be more than among the outside kitchen workers. Therefore, 
another group of reference causes, i.e. all causes other than all types of cancers, 
was used in the internal comparison. Four potential confounding variables: 
place of origin, age at death, year at death, and years of union membership 
(which could be taken as a surrogate for the duration of exposure), were 
adjusted for in the logistic regression model. Age at death, year of death, and 
years of union membership were entered as continuous variables and the place 
of origin was entered as a categorical variable into the model. The place of 
origin was divided into three categories. Since Chaozhou was known to be the 
place w i th the lowest mortal i ty rate of nasopharyngeal cancer (NPC) in 
Guangdong province/^^ it was defined as the baseline. In contrast, Siyi had the 
highest mortal i ty rate of NPC. Except Chaozhou and Siyi, elsewhere of 
Guangdong province was grouped into one category. The same categories of 
the place of origin were used to compute MORs of other types of cancers 
because there was no strong evidence to show that other types of cancers had 
special geographical distribution in Guangdong province. 
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I n the external comparison, the reference populat ion consisted of all male 
deaths at age 30 or above between January 1，1986 and December 31，1995 in 
H K . The study group was the same as for the SPMR computation. T w o 
subgroups, those work ing inside kitchen and outside kitchen, were compared 
w i t h the general populat ion separately. T w o available factors, age at death and 
calendar year at death, were as continuous variables entered into the logistic 
model to adjust for their effects. 
The statistical software package ‘SPSS 7.5 for Windows 95' was used to 
calculate the M O R and 95% confidence intervals. 
3.8. Exp lo r i ng i f Smok ing could be a Con found ing Factor 
The most important potential confounding factor was tobacco smoking which 
was a wel l -known risk factor for various diseases such as coronary heart 
diseases, non-malignant respiratory diseases (bronchitis and emphysema), and 
cancers of the lung, larynx, oesophagus and bladder. In the present study, there 
was no data on smoking habits for the individuals in both the study population 
and the reference population. Alcohol dr inking also related to some diseases, 
such as oesophagus cancer and liver cancer. To see i f smoking and alcohol 
dr inking might have contributed to the outcome of the study, a cross-sectional 
survey was conducted in a sample of currently employed food-service workers 
to see if the prevalence of smoking differed f rom that of the general 
population. 
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Seventeen restaurants were sampled randomly f rom among the 9566 Chinese 
restaurants in H K f rom A p r i l to June in 1997. Male food-service workers were 
interviewed face to face using a short questionnaire (see appendix 4) to obtain 
the information on smoking and dr inking habits. In this survey, a daily 
smoker was defined as a person who had a daily smoking habit at the time of 
the inquiry. 
The prevalence of daily smokers among current food-service workers would be 
compared w i t h that of the general population of H K that was available f rom 




Dur ing the period 1986 to 1995, a total of 794 deceased male food-service 
workers were identif ied f r om the four unions. O f those 794 deaths, necessary 
informat ion were successfully traced for 652 (82.1%) f r om the B i r th & Death 
Registry and Statistics & Census Department of H K . The I C D codes for the 
other 142 (17.9%) male deceased workers could not be traced in H K . O f the 
142 cases, 68 cases (8.6%) died outside H K . Necessary informat ion for 306 out 
of 379 kitchen workers (80.7%) and 346 out of 415 the outside kitchen workers 
(83.4%) were successfully traced. There was no significant difference in the 
propor t ion i n these two group (Chi-square test: P = 0.33). The 142 cases w i t h 
incomplete informat ion were excluded f rom further analysis. 
The reference population consisted of 154,562 male deaths at age 30 or above 
during the same period in H K . 
4.1 Characteristics of the Food-service Workers 
The age at death for these 652 food-service workers ranged f rom 30 to 90. O f 
these workers, 50% died between age 60 to 72. The mean age at death was 65.5. 
As shown in figure 4.1，two subgroups, the inside kitchen group and the 
outside kitchen group, had similar distribution of the age of death. The mean 
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age at death for the inside kitchen group and outside kitchen group were 65.7 
and 65.4，respectively. There was no significant difference in the mean age at 
death between the t w o subgroups (t-test： P = 0.7). 
Figure 4.2 showed the number of death f r om 1986 to 1995 for the entire food-
service study group and the two subgroups. The lowest frequency was 50 
deaths i n 1995 and the highest one was 78 deaths in 1989. 
The years of un ion membership could be viewed as a surrogate for work ing 
experience approximately. The average years of un ion membership for the 
entire food-service study group, the inside kitchen group and the outside 
kitchen group were 17.92, 18.34 and 17.56, respectively. T-test showed no 
significant difference in the means between the two subgroups (P = 0.19). 
Figure 4.3 displays the frequency distributions of years of union membership 
for the food-service workers and the two subgroups. 
O f the 652 cases, the place of origin was Guangdong province (excluding H K ) 
for 647 cases (99.2%) and more than 50% of cases had Guangzhou as the place 
of or igin (table 4.1). Comparing the percentages of place of origin in 
Guangzhou, Siyi, Chaozhou and elsewhere, no significant difference was found 
between the two subgroups (Chi squared test: P = 0.29). A l l of the outside 
kitchen group and 98.4% of the inside kitchen group had the place of origin in 
Guangdong province (table 4.2), which were more than in the general 
population (87.1%). 
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Figure 4.1 Frequency distributions of the age at death for food-service 
workers and the two subgroups 
All food-service workers 
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Table 4.1 Place of or ig in d ist r ibut ion among deceased food-service workers 
N o of deaths (%) 
Place of or ig in Liside k i tchen Outside Total 
group ki tchen group  
Guangzhou 170 (55.6) 195 (56.4) 365 (56.0) 
Siyi 56 (18.2) 50 (14.5) 106(16.3) 
Chaozhou 42(13.7) 64 (18.5) 106 (16.3) 
Guangdong Province elsewhere 33 (10.8) 37 (10.7) 70 (10.7) 
Shanghai，Zhejiang, Fujian, and 2 (0.7) 0 2 (0.3) 
jiangsu 
Others 3 (1.0) 0 3 (0.5) 
Total 306 (100) 346 (100) 652 (100) 
Table 4.2 Place of or igin distr ibut ion among food-service workers and the 
general populat ion 
Place of or igin hs ide kitchen Outside ki tchen General 
group (%) group (%) population^ (%) 
Guangzhou 55.6 56.4 49.1 
Siyi 18.3 14.5 16.2 
Chaozhou 13.7 18.5 11.9 
Guangdong Province 10.8 10.7 10.0 
elsewhere 
Others l_6 12.9 
Total 100 100 100 
+Data source: HK Census & Statistics Department/^^ 
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Figure 4.3 Years of union membership distribution among deceased food-
service workers and the two subgroups 
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4.2 Cancer Mortality Patterns of Food-service Workers 
The age-specific ratios of observed to expected deaths for the two t ime periods 
(1986-1990, 1991-1995) were presented in table 4.3. The proport ional mortal i ty 
ratios for cancers of the oesophagus, stomach, lung, bladder, and all types of 
cancer increased in the latter period, whereas those for colorectal cancers, 
laryngeal cancer, and liver cancer decreased. H igh proport ional mortal i ty 
ratios for colorectal cancers were found among those who died at age less than 
50 years (age 30-39, PMR=4.73, age 40-49, PMR=5.56). 
Table 4.3 Observed and expected deaths and ratio of observed to expected 
deaths for selected types of cancer according to age at death and calendar year 
among food-service workers 
1986-1990 1991-1995 Total(1986-1995) 
Age group Obs/Exp Ratio Obs/Exp Ratio Obs/Exp Ratio 
A; All types ofcancer (ICD codes 140-208) 
30-39 3/2.92 1.03 3 / 1.58 1.90 6/4.50 1.33 
40-49 7/5.95 1.18 10/6.75 1.48 17/ 12.71 1.34 
50-59 37/31.34 1.18 18/ 17.31 1.04 55/48.65 1.13 
60-69 60/58.27 1.03 61 /55.70 1.10 121 / 113.96 1.06 
70+ 31 /25.00 1.24 49/34.89 1.40 80/59.89 1.34 
Total 138/123.48 1.12 141 /116.23 1.21 279/239.71 1.16 
B: Nasopharynx (ICD code 147) 
30-39 0/0.57 0 0/0.31 0 0/0.88 0 
40-49 0 / 1.03 0 4 / 1,09 3.67 4/2.13 1.88 
50-59 4/3.12 1.28 4 / 1.57 2.55 8/4.69 1.71 
60-69 9/2.52 3.57 3/2.52 1.99 12/5.04 2.38 
70+ 1 /0.51 1.96 0/0.59 0 1 / 1.10 0.91 
Total 14/7.75 1.81 11/6.09 1.81 25/13.84 1.81 
C: Oesophagus (ICD code 150) 
30-39 0 / 0.03 0 0 / 0.02 0 0 / 0.05 0 
40-49 0 / 0.23 0 1 / 0.27 3.7 1 /0.50 2.00 
50-59 2/2.58 0.78 2 / 1.19 1.68 4/3.77 1.06 
60-69 5 / 4.20 1.19 4/3.80 1.05 9/8.00 1.13 
70+ 1/ 1.28 0.78 6 / 1.54 3.90 7/2.82 2.48 
Total 8 / 8.32 0.96 13 / 6.82 1.91 21 / 15.14 1.39 
To be continued 
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Table 4.3 (Continued)  
‘ ~ 1986-1990 1991-1995 — Total(1986-1995) 
Age group Obs/Exp Ratio Obs/Exp Ratio Obs/Exp Ratio 
D: Stomach (ICD code 151) 
30-39 0/0.13 0 0/0.06 0 0/0.19 0 
40-49 1 /0.33 3.03 0/0.35 0 1 /0.68 3.03 
50-59 3 / 1.66 1.81 1 / 1.03 0.97 4 / 2.69 1.49 
60-69 2/4.03 0.50 2/3.07 0.65 4/7.10 0.56 
70+ 2 / 1.94 1.03 5 / 2.62 1.91 7/4.56 1.54 
Total 8 / 8.08 0.99 8/7.13 1.12 16/15.21 1.05 
E: Colon & Rectum (ICD codes 153-154) 
30-39 1 /0.29 3.48 1 /0.14 7.4 2 / 0.42 4.73 
40-49 2/0.39 5.08 3/0.51 5.94 5/0.90 5.56 
50-59 4/2.04 1.96 1 / 1.35 0.74 5/3.39 1.47 
60-69 6/4.68 1.28 9/5.34 1.69 15/ 10.02 1.50 
70+ 5/2.63 1.90 6/4.05 1.48 11 /6.68 1.65 
Total 18 /10.03 1.79 19 /11.39 1.67 37/21.41 1.73 
F: Liver (ICD code 155) 
30-39 1 /0.82 5.88 0/0.41 0 1 / 1.23 0.81 
40-49 1 / 1.59 0.63 2 / 1.77 1.13 3/3.36 0.89 
50-59 10/6.42 1.56 4/3.42 1.17 14/9.84 1.42 
60-69 8/9.02 0.89 2/8.75 0.23 10/ 17.77 0.56 
70+ 4/2.74 1.46 7/3.77 1.86 11 /6.51 1.69 
Total 24/20.59 1.17 15 /18.13 0.83 39/38.72 1.01 
G: Larynx (ICD code 161) 
30-39 0/0.01 0 0/0.00 0 0 / 0.02 0 
40-49 0/0.08 0 0/0.07 0 0/0.15 0 
50-59 1 /0.44 2.27 0/0.23 0 1 /0.68 1.47 
60-69 3 / 1.14 2.63 1 /0.87 1.15 4/2.01 1.99 
70+ 1 /0.49 2.04 0/0.62 0 1 / 1.11 0.90 
Total 5/2.16 2.31 1/1.80 0.56 6 / 3.96 1.52 
H: Lung (ICD code 162) 
30-39 0 / 0.27 0 0/0.21 0 0/0.47 0 
40-49 3 / 1.10 2.73 1 / 1.27 0.79 4/2.38 1.68 
50-59 6/9.07 0.66 4/5.05 0.79 10/ 14.12 0.71 
60-69 19/20.81 0.91 26/ 19.80 1.31 45 / 40.62 1.11 
70+ 10/9.15 1.09 11 / 12.77 0.86 21 /21.92 0.96 
Total 38/40.40 0.94 42/39.11 1.07 80/79.51 1.01 
I: Bladder (ICD code 188) 
30-39 0/0.01 0 0/0.00 0 0/0.01 0 
40-49 0 / 0.04 0 0 / 0.02 0 0 / 0.06 0 
50-59 0 / 0.32 0 0 / 0.20 0 0 / 0.52 0 
60-69 0 / 1.36 0 1 / 1.09 0.92 1 / 2.45 0.41 
70+ 1 /0.89 1.12 3 / 1.31 2.29 4 / 2.20 1.82 
Total 1/2.61 0.38 4/2.63 1.52 5/5.24 0.96 
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Table 4.4 Standardised proportional mortality ratios (SPMRs) for selected types 
of cancer among food-service workers and the two subgroups (1986-1995) 
Cancer site (9^ ' ICD code) No. of deaths SPMR 95% CI* 一 
Inside kitchen group 
All sites (140-208) 128 1.16 1.02-1.32 
Nasopharynx (147) 8 1.27 0.66-2.44 
Oesophagus (150) 11 1.61 0.91-2.87 
Stomach(151) 7 0.99 0.51-1.94 
Colon&rectum(153-154) 15 1.50 0.93-2.44 
Liver(155) 21 1.19 0.79-1.79 
Larynx (161) 2 1.10 0.28-4.33 
Lung (162) 42 1.15 0.87-1.52 
Bladder(188) 2 0.81 0.21-3.21 
Outside kitchen group 
All sites (140-208) 151 1.17 1.04-1.31 
Nasopharynx (147) 17 2.25 1.43-3.53 
Oesophagus (150) 10 1.20 0.66-2.20 
Stomach(151) 9 1.10 0.58-2.10 
Colon&rectum(153-154) 21 1.92 1.29-2.86 
Liver (155) 18 0.85 0.55-1.33 
Larynx(161) 4 1.86 0.71-4.92 
Lung (162) 38 0.88 0.66-1.18 
Bladder(188) 3 1.08 0.35-3.30 
Allfood-service workers 
All sites (140-208) 279 1.16 1.07-1.27 
Nasopharynx (147) 25 1.81 1.26-2.59 
Oesophagus (150) 21 1.39 0.91-2.11 
Stomach(151) 16 1.05 0.65-1.70 
Colon&rectum(153-154) 37 1.73 1.27-2.36 
Liver(155) 39 1.01 0.75-1.36 
Larynx (161) 6 1.52 0.69-3.35 
Lung (162) 80 1.01 0.82-1.23 
Bladder(188) 5 0 ^ 0.40-2.28 
*: CI: Confidence interval 
After standardisation for age at death and calendar time periods, significant 
excess SPMRs for NPC (SPMR=1.81, 95% CI: 1.26-2.59), colorectal cancers 
(SPMR=1.73, 95% CI: 1.27-2.36), and all types of cancer (SPMR=1.16, 95% 
CI: 1.07-1.27) were observed in the entire study group (table 4.4). The 
significantly high SPMR for all types of cancer still remained after dividing 
into the two subgroups. However, the significant excess SPMRs for NPC 
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(SPMR=2.25, 95% CI: 1.43-3.53) colorectal cancers (SPMR=1.92, 95% CI: 
1.29-2.86), remained in the outside kitchen group only. 
The SPMRs for lung cancer in the entire study group, the inside kitchen group, 
and the outside kitchen group were 1.01 (95% CI: 0.82-1.23), 1.15 (95% CI: 
0.87-1.52), and 0.88 (95% CI： 0.66-1.18)，respectively. 
4.3 Adjusted SPMRs 
As discussed in Chapter 3，to ascertain whether the original SPMRs were 
affected by unusual rates of the five most common causes of death (lung cancer, 
ischaemic heart diseases, cerebrovascular diseases, liver cancer, 
bronchopneumonia & pneumonia) and all types of cancer (excluding the 
cancer of interest), a series of adjusted SPMRs for specific cancers were 
computed by excluding deaths f rom these causes during the calculation of 
SPMRs. According to the definit ion of proportional mortal i ty ratio, deaths 
f rom lung cancer and liver cancer were not removed when adjusted SPMRs for 
all types of cancer, lung cancer, and liver cancer were computed. Therefore, for 
a specific cancer other than liver cancer, lung cancer, and all types of cancer, 
there were six adjusted SPMRs (see table 4.5). 
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Table 4.5 Compar ing the original SPMRs w i t h adjusted SPMRs for selected 
types of cancer among food-service workers and the t w o subgroups (1986-1995) 
Inside kitchen Outside kitchen All food-service 
Cancer site group group workers  
(ICD code) S P M R 9 5 % CI S P M R 9 5 % CI S P M R 9 5 % CI 
All sites S P M R o U 6 1.02-1.32 U 7 1.04-1.31 U 6 1.07-1.27 
(140-208) S P M R 2 1.16 1.03-1.32 1.21 1.09-1.35 1.19 1.09-1.29 
SPMR3 1.17 1.04-1.31 1.22 1.10-1.35 1.20 1.11-1.29 
SPMR5 1.16 1.04-1.29 1.21 1.09-1.33 1.18 1.10-1.28 
Nasopharynx S P M R o 1.27 0.66-2.44 2.25 1.43-3.53 1.81 1.24-2.62 
(147) S P M R i 1.28 0.67-2.45 2.24 1.43-3.50 1.81 1.25-2.62 
SPMR2 1.28 0.67-2.45 2.33 1.49-3.64 1.85 1.28-2.67 
SPMR3 1.30 0.69-2.46 2.36 1.52-3.68 1.87 1.30-2.70 
SPMR4 1.33 0.71-2.50 2.35 1.52-3.64 1.89 1.31-2.71 
SPMR5 1.32 0.71-2.45 2.33 1.51-3.60 1.87 1.31-2.68 
S P M R 6 1.34 0.71-2.53 2.45 1.59-3.75 1.93 1.35-2.77 
Oesophagus S P M R o 1.61 0.91-2.87 1.20 0.66-2.20 1.39 0.91-2.11 
(150) S P M R i 1.66 0.94-2.95 1.17 0.64-2.14 1.39 0.91-2.11 
SPMR2 1.68 0.95-2.97 1.23 0.68-2.25 1.43 0.94-2.17 
SPMR3 1.68 0.95-2.96 1.25 0.69-2.27 1.44 0.95-2.19 
SPMR4 1.72 0.98-3.02 1.23 0.68-2.24 1.44 0.95-2.19 
SPMR5 1.70 0.97-2.98 1.21 0.67-2.19 1.42 0.94-2.15 
S P M R 6 1.76 1.00-3.09 1.28 0.71-2.31 1.49 0.99-2.26 
Stomach S P M R o 0.99 0.49-2.01 1.10 0.58-2.10 1.05 0.65-1.70 
(151) S P M R i 1.02 0.50-2.05 1.08 0.57-2.06 1.05 0.65-1.70 
SPMR2 1.02 0.51-2.06 1.13 0.60-2.15 1.08 0.67-1.74 
SPMR3 1.03 0.51-2.06 1.14 0.60-2.15 1.09 0.67-1.75 
SPMR4 1.05 0.52-2.09 1.12 0.59-2.12 1.09 0.68-1.75 
SPMR5 1.04 0.52-2.08 1.10 0.58-2.08 1.07 0.67-1.73 
S P M R 6 1.09 0.55-2.18 1.20 0.64-2.27 1.15 0.71-1.85 
Colon&rectum S P M R o 1.50 0.93-2.44 1.92 1.29-2.86 1.73 1.27-2.36 
(153-154) S P M R i 1.54 0.95-2.49 1.90 1.28-2.82 1.73 1.27-2.36 
S P M R 2 1.54 0.96-2.49 1.98 1.34-2.92 1.78 1.31-2.41 
SPMR3 1.55 0.96-2.50 1.99 1.35-2.93 1.79 1.32-2.42 
SPMR4 1.58 0.98-2.54 1.96 1.33-2.87 1.78 1.32-2.42 
SPMR5 1.58 0.98-2.52 1.92 1.32-2.81 1.77 1.31-2.39 
S P M R 6 1.61 1.00-2.59 2.00 1.37-2.93 1.82 1.34-2.46 
To be continued 
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Table 4.5 (Continued) 
Inside kitchen Outside kitchen All food-service 
Cancer site group group workers  
(ICD code) S P M R 9 5 % CI S P M R 9 5 % CI S P M R 9 5 % C I ~ 
Liver SPMR。 1.19 0.79-1.79 0.85 0.55-1.33 1.01 0.75-1.36 
(155) S P M R i 1.21 0.81-1.82 0.84 0.54-1.31 1.01 0.75-1.36 
SPMR2 1.22 0.82-1.82 0.88 0.57-1.36 1.04 0.77-1.39 
SPMR3 1.23 0.82-1.82 0.89 0.58-1.38 1.05 0.78-1.40 
SPMR5 1.22 0.82-1.81 0.88 0.57-1.36 1.04 0.77-1.39 
S P M R 6 1.26 0.85-1.88 0.96 0.63-1.47 1.11 0.83-1.48 
Larynx S P M R。 1.10 0.28-4.33 1.86 0.71-4.92 1.52 0.69-3.35 
(161) S P M R i 1.13 0.29-4.43 1.83 0.69-4.82 1.52 0.69-3.36 
SPMR2 1.14 0.29-4.44 1.92 0.73-5.04 1.56 0.71-3.45 
SPMR3 1.14 0.29-4.44 1.93 0.74-5.06 1.57 0.71-3.46 
SPMR4 1.17 0.30-4.49 1.91 0.73-4.99 1.57 0.71-3.46 
SPMR5 1.16 0.30-4.47 1.87 0.72-4.89 1.55 0.71-3.42 
S P M R e 1.21 0.31-4.63 2.01 0.77-5.25 1.64 0.75-3.62 
Lung SPMRo 1.15 0.87-1.52 0.88 0.66-1.19 1.01 0.82-1.23 
(162) SPMR2 1.15 0.87-1.52 0.92 0.69-1.24 1.03 0.84-1.26 
SPMR3 1.15 0.88-1.51 0.93 0.70-1.24 1.03 0.85-1.26 
SPMR4 1.16 0.89-1.52 0.92 0.69-1.22 1.03 0.85-1.26 
SPMR5 1.16 0.88-1.51 0.91 0.68-1.20 1.02 0.84-1.24 
S P M R 6 1.21 0.92-1.57 0.97 0.73-1.29 1.08 0.89-1.32 
Bladder S P M R o 0.81 0.21-3.21 1.08 0.35-3.30 0.96 0.40-2.28 
(188) S P M R i 0.83 0.21-3.28 1.06 0.35-3.24 0.96 0.40-2.28 
SPMR2 0.84 0.21-3.28 1.10 0.36-3.36 0.98 0.41-2.33 
SPMR3 0.84 0.21-3.29 1.10 0.36-3.34 0.98 0.41-2.33 
SPMR4 0.86 0.22-3.35 1.09 0.36-3.30 0.98 0.41-2.33 
SPMR5 0.85 0.22-3.33 1.06 0.35-3.22 0.97 0.41-2.30 
S P M R 6 0.90 0.23-3.53 1.17 0.39-3.53 1.04 0.44-2.48 
SPMRo： Original S P M R based on all types of causes 
SPMRi: S P M R based on all causes less lung cancer 
SPMR2: S P M R based on all causes less lung cancer and ischaemic heart diseases (IHD) 
SPMR3： S P M R based on all causes less lung cancer, I H D , and cerebrovascular diseases 
SPMR4： S P M R based on all causes less lung cancer, I H D , cerebrovascular diseases, and liver 
cancer 
SPMRs: S P M R based on all causes less lung cancer, I H D , cerebrovascular diseases, liver 
cancer, and bronchopneumonia & pneumonia 
SPMR&: S P M R based on all causes less all types of cancer other than the cancer of interest 
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Figure 4.4 The variations of the adjusted SPMRs for eight selected types of 
cancer 
The inside kitchen group 
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As shown in figure 4.4，the variations of these series of adjusted SPMRs were 
similar for the eight selected types of cancers for both subgroups of workers. 
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From the SPMRo to the SPMR&, for a specific cancer, the last one was the 
highest. The variations f rom SPMRo to SPMRs were quite small. W i th in a 
subgroup, there were consistent variations for those eight types of cancers f rom 
SPMRo to SPMR6. In the inside kitchen group, the SPMRi was greater than the 
SPMRo, the SPMR4 was greater than the SPMR3, and the SPMRs was smaller 
than the SPMR4. It was different in part in the outside kitchen group. The 
SPMRi and SPMR4 were smaller than the SPMRo and SPMR3, respectively. 
The largest difference among the SPMRs excluding SPMRs for an individual 
cancer was 0.11 (oesophagus cancer： 1.72-1.61)，and 0.12 (nasopharyngeal 
cancer: 2.36-2.24) for the inside kitchen group and outside kitchen group, 
respectively. 
4.4 Mortality Odds Ratios (MORs) 
Table 4.6 presented the MORs for selected types of cancer using all other 
causes of death excluding all types of cancer as reference diseases. Age at death 
and year of death were adjusted for in the logistic regression models. Among 
all food-service workers, MORs of all these selected types of cancer exceeded 1 
(risk higher than the general population), but significant excess M〇R were 
found for all types of cancer (279 deaths, MOR=1.30, 95% CI： 1.11-1.52), 
nasopharyngeal cancer (21 deaths, MOR=2.04, 95% CI: 1.11-1.52), and 
colorectal cancers (35 deaths, MOR=1.91, 95% CI： 1.36-2.68) only. These 
significant excess risk remained in the outside kitchen group which were 1.31 
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(151 deaths, 95% CI: 1.05-1.62), 2.68 (17 deaths, 95% CI: 1.61-4.48), and 2.12 
(21 deaths, 95% CI: 1.36-3.30), respectively. 
The M O R s for cancers of the oesophagus (11 deaths, MOR=1.80 , 95% CI: 
0.97-3.33), liver (21 deaths, MOR=1.30 , 95% CI: 0.82-2.06) and lung (42 
deaths, MOR=1.26 , 95% CI: 0.89-1.76) were higher in the inside kitchen 
group than in the outside kitchen workers. In contrast, the MORs for the 
cancers of the nasopharynx, stomach, colon & rectum, larynx, and bladder 
were high in the outside kitchen group. 
Table 4.6 Mor ta l i ty odds ratio for selected types of cancer among food-service 
workers 
Inside kitchen Outside All food-service 
Cancer site group kitchen group workers  
(ICD code) M O R 9 5 % CI M O R 95% CI M O R 9 5 % CI 
All sites (140-208) L ^ 1.02-1.62 o l 1.05-1.62 L30 1.11-1.52^ 
Nasopharynx (147) 1.35 0.66-2.79 2.68 1.61-4.48 2.04 1.35-3.10 
Oesophagus (150) 1.80 0.97-3.33 1.31 0.69-2.49 1.53 0.98-2.39 
Stomach(151) 1.10 0.52-2.35 1.21 0.62-2.37 1.16 0.70-1.92 
Colon&rectum 1.66 0.98-2.82 2.12 1.36-3.30 1.91 1.36-2.68 
(153-154) 
Liver(155) 1.30 0.82-2.06 0.96 0.59-1.57 1.12 0.80-1.57 
Larynx (161) 1.21 0.30-4.90 2.03 0.75-5.47 1.66 0.74-3.72 
Lung (162) 1.26 0.89-1.76 0.97 0.68-1.37 1.10 0.86-1.41 
Bladder(188) 0.91 0.22-3.66 1.17 0.37-3.67 1.05 0.43-2.54 
4.5 Mortality Odds Ratios Using Multiply Reference Diseases 
In table 4.7, MORo to MOR& were a series of mortal i ty odds ratios based on 
different reference diseases. MORo was derived by using all other causes of 
death as reference diseases. M O R i to MORs were derived by excluding the five 
commonest causes of death which were the same as for the ‘adjusted，SPMR. 
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MOR6 was computed using all other causes of death excluding all types of 
cancer. 
All types ofcancer 
The values of M O R increased f rom 1.30 to 1.46 among all food-service 
workers, 1.29 to 1.37 in the inside kitchen group, and 1.31 to 1.54 in the 
outside kitchen group when I H D , cerebrovascular diseases, and 
bronchopneumonia & pneumonia were excluded f rom the reference diseases. 
Cancers of the nasopharynx, oesophagus, stomach, colon & rectum, liver, larynx, 
lung, and bladder. 
After excluding lung cancer f rom the reference diseases, the M O R i increased 
slightly (less than 0.02) among all food-service workers. The M O R i also 
increased in the inside kitchen but the difference was less than 0.05 
(oesophageal cancer: 1.64-1.69) group. The M O R i decreased in the outside 
kitchen group up to 0.03 (kryngeal cancer: 1.87-1.84). For the inside kitchen 
group, the values of M O R ^v40Ri to MOR4) increased when lung cancer, 
I H D , cerebrovascular diseases, and liver cancer were excluded consecutively 
f rom the reference diseases. However, when bronchopneumonia & pneumonia 
were also excluded, most MOR5 decreased slightly. For the outside kitchen 
group, removing lung cancer and liver cancer f rom the reference diseases, 
resulted in a decrease in M O R ^VIORi and MOR4) except for NPC. O f these 
series of MORs, M〇R6 was the highest one. 
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Table 4.7 Mor ta l i t y odds ratios (MORs) for selected types of cancer using seven 
kinds of causes of death as reference diseases (1986-1995) 
Inside kitchen Outside kitchen All food-service 
Cancer site group group workers  
(ICD codes) M O R 9 5 % CI M O R 9 5 % CI M O R 9 5 % CI 
All sits M O R o L29 1.02-1.62 o I 1.05-1.62 L30 1.11-1.52 
(140-208) M O R 2 1.32 1.04-1.68 1.45 1.15-1.82 1.38 1.17-1.63 
MOR3 1.36 1.06-1.76 1.53 1.20-1.95 1.45 1.21-1.73 
MOR5 1.37 1.05-1.79 1.54 1.19-1.98 1.46 1.21-1.75 
Nasopharynx M O R o 1.28 0.63-2.61 2.37 1.44-3.90 1.86 1.24-2.80 
(147) M O R i 1.29 0.63-2.63 2.37 1.44-3.90 1.87 1.24-2.81 
MOR2 1.29 0.63-2.64 2.50 1.51-4.12 1.92 1.28-2.90 
MOR3 1.31 0.64-2.69 2.55 1.54-4.24 1.96 1.30-2.96 
MOR4 1.35 0.65-2.77 2.57 1.54-4.28 1.99 1.31-3.02 
MOR5 1.34 0.65-2.76 2.55 1.53-4.26 1.98 1.30-3.00 
M O R g 1.35 0.66-2.79 2.68 1.61-4.48 2.04 1.35-3.10 
Oesophagus M O R o 1.64 0.90-3.00 1.21 0.65-2.28 1.41 0.91-2.18 
(150) M O R i 1.69 0.92-3.11 1.19 0.63-2.23 1.41 0.91-2.18 
M O R 2 1.71 0.93-3.16 1.25 0.66-2.36 1.46 0.94-2.26 
MOR3 1.72 0.93-3.18 1.27 0.67-2.40 1.47 0.95-2.29 
MOR4 1.77 0.96-3.27 1.25 0.66-2.37 1.48 0.95-2.30 
MOR5 1.76 0.95-3.26 1.23 0.65-2.33 1.46 0.94-2.28 
M O R 6 1.80 0.97-3.33 1.31 0.69-2.49 1.53 0.98-2.39 
Stomach M O R o 1.00 0.47-2.12 1.10 0.57-2.14 1.05 0.64-1.73 
(151) M O R i 1.02 0.48-2.17 1.08 0.56-2.11 1.06 0.64-1.74 
MOR2 1.03 0.48-2.18 1.13 0.58-2.20 1.08 0.66-1.79 
MOR3 1.04 0.49-2.20 1.14 0.58-2.22 1.09 0.66-1.80 
MOR4 1.06 0.50-2.25 1.13 0.58-2.20 1.09 0.66-1.81 
MOR5 1.05 0.49-2.24 1.10 0.56-2.16 1.08 0.65-1.79 
M O R 6 1.10 0.52-2.35 1.21 0.62-2.37 1.16 0.70-1.92 
Colon M O R o 1.53 0.91-2.58 1.99 1.29-3.06 1.77 1.27-2.48 
&rectum M O R , 1.57 0.93-2.65 1.97 1.27-3.04 1.79 1.28-2.50 
(153-154) M O R 2 1.58 0.94-2.68 2.07 1.33-3.20 1.84 1.31-2.58 
MOR3 1.60 0.94-2.71 2.09 1.35-3.25 1.86 1.33-2.61 
MOR4 1.63 0.96-2.78 2.07 1.33-3.22 1.87 1.33-2.62 
MOR5 1.64 0.96-2.79 2.04 1.31-3.19 1.86 1.32-2.61 
M O R 6 1.66 0.98-2.82 2.12 1.36-3.30 1.91 1.36-2.68 
To be continued 
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Table 4.7 (Continued) 
Inside kitchen Outside kitchen All food-service 
Cancer site group group workers  
(ICD codes) M O R 9 5 % CI M O R 9 5 % CI M O R 9 5 % CI 
Liver MORo 1.21 0.77-1.89 0.85 0.53-1.37 1.01 0.73-1.40 
(155) M O R , 1.24 0.79-1.94 0.83 0.52-1.35 1.01 0.73-1.40 
M O R 2 1.24 0.79-1.96 0.87 0.54-1.42 1.04 0.75-1.45 
MOR3 1.26 0.80-1.98 0.89 0.54-1.44 1.05 0.76-1.47 
MOR5 1.25 0.79-1.98 0.87 0.54-1.42 1.04 0.75-1.45 
M O R e 1.30 0.82-2.06 0.96 0.59-1.57 1.12 0.80-1.57 
Larynx M O R o l.H 0.28-4.46 1.87 0.70-5.03 1.52 0.68-3.41 
(161) MORi 1.14 0.28-4.58 1.84 0.68-4.95 1.53 0.68-3.42 
M O R 2 1.15 0.28-4.62 1.93 0.72-5.20 1.57 0.70-3.53 
MOR3 1.15 0.29-4.64 1.95 0.72-5.24 1.58 0.70-3.55 
MOR4 1.17 0.29-4.73 1.92 0.71-5.18 1.58 0.70-3.56 
MOR5 1.17 0.29-4.71 1.88 0.70-5.09 1.56 0.70-3.52 
M O R g 1.21 0.30-4.90 2.03 0.75-5.47 1.66 0.74-3.72 
Lung MORo 1.17 0.85-1.63 0.87 0.62-1.22 1.01 0.80-1.28 
(162) MOR2 1.18 0.85-1.64 0.91 0.65-1.28 1.04 0.81-1.31 
MOR3 1.18 0.85-1.65 0.92 0.65-1.30 1.04 0.82-1.32 
MOR4 1.20 0.86-1.69 0.91 0.64-1.28 1.04 0.82-1.33 
MOR5 1.20 0.85-1.68 0.88 0.63-1.26 1.03 0.81-1.31 
M O R e 1.26 0.89-1.76 0.97 0.68-1.37 1.10 0.86-1.41 
Bladder MORo 0.82 0.20-3.29 1.08 0.35-3.38 0.96 0.40-2.32 
(188) M O R ] 0.84 0.21-3.37 1.07 0.34-3.33 0.96 0.40-2.32 
M O R 2 0.84 0.21-3.39 1.11 0.35-3.46 0.98 0.41-2.38 
MOR3 0.85 0.21-3.42 1.10 0.35-3.46 0.99 0.41-2.39 
MOR4 0.86 0.21-3.48 1.09 0.35-3.41 0.99 0.41-2.39 
MOR5 0.86 0.21-3.48 1.07 0.34-3.34 0.97 0.40-2.36 
MORg 0.91 0.22-3.66 1.17 0.37-3.67 1.05 0.43-2.54 
M O R o : All other causes of death as reference diseases 
M O R i : All other causes excluding lung cancer as reference diseases 
MOR2: All other causes excluding lung cancer and ischaemic heart diseases as reference diseases 
剛 
MOR3： All other causes excluding lung cancer, IHD, and cerebrovascular diseases as reference 
diseases 
M O R 4 : All other causes excluding lung cancer, IHD, cerebrovascular diseases, and liver cancer 
as reference diseases 
M O R s : All other causes excluding lung cancer, IHD, cerebrovascular diseases, liver cancer, and 
bronchopneumonia & pneumonia as reference diseases 
M O R & : All other causes excluding all types of cancers as reference diseases 
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Figure 4.5 The variations of the series ofMORs for eight selected types of 
cancer 
The inside kitchen group 
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Figure 4.5 showed the variations of the series of MORs for selected types of 
cancers. For the eight types of cancer, the variations of the series of MORs 
w i th i n a subgroup were consistent and similar to those of SPMRs. 
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4.6. Compar i ng SPMRs w i t h M O R s 
A series of SPMRs and M O R s for specific cancers were presented in table 4.8 
for comparison. The M O R s were in general higher than the corresponding 
SPMRs. 
Table 4.8 Comparing the SPMR w i t h the M O R 
Inside kitchen Outside kitchen All food-service 
Cancer site group group workers  
(ICD code) Series S P M R M O R S P M R M O R S P M R M O R 
All sites 0 ri6 L29 LTJ 131 TT^ 0 0 
(140-208) 2 1.16 1.32 1.21 1.45 1.19 1.38 
3 1.17 1.36 1.22 1.53 1.20 1.45 
5 1.16 1.37 1.21 1.54 1.18 1.46 
Nasopharynx 0 1.27 1.28 2.25 2.37 1.81 1.86 
(147) 1 1.28 1.29 2.24 2.37 1.81 1.87 
2 1.28 1.29 2.33 2.50 1.85 1.92 
3 1.30 1.31 2.36 2.55 1.87 1.96 
4 1.33 1.35 2.35 2.57 1.89 1.99 
5 1.32 1.34 2.33 2.55 1.87 1.98 
6 1.34 1.35 2.45 2.68 1.93 2.04 
Oesophagus 0 1.61 1.64 1.20 1.21 1.39 1.41 
(150) 1 1.66 1.69 1.17 1.19 1.39 1.41 
2 1.68 1.71 1.23 1.25 1.43 1.46 
3 1.68 1.72 1.25 1.27 1.44 1.47 
4 1.72 1.77 1.23 1.25 1.44 1.48 
5 1.70 1.76 1.21 1.23 1.42 1.46 
6 1.76 1.80 1.28 1.31 1.49 1.53 
Stomach 0 0.99 1.00 1.10 1.10 1.05 1.05 
(151) 1 1.02 1.02 1.08 1.08 1.05 1.06 
2 1.02 1.03 1.13 1.13 1.08 1.08 
3 1.03 1.04 1.14 1.14 1.09 1.09 
4 1.05 1.06 1.12 1.13 1.09 1.09 
5 1.04 1.05 1.10 1.10 1.07 1.08 
6 1.09 1.10 1.20 1.21 1.15 1.16 
Colon & rectum 0 1.50 1.53 1.92 1.99 1.73 1.77 
(153-154) 1 1.54 1.57 1.90 1.97 1.73 1.79 
2 1.54 1.58 1.98 2.07 1.78 1.84 
3 1.55 1.60 1.99 2.09 1.79 1.86 
4 1.58 1.63 1.96 2.07 1.78 1.87 
5 1.58 1.64 1.92 2.04 1.77 1.86 
6 1.61 1.66 2.00 2.12 1.82 1.91 
To be continued 
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Table 4.8 (Continued) 
Inside kitchen Outside kitchen All food-service 
Cancer site group group workers  
(ICD code) Series S P M R M O R S P M R M O R S P M R M O R 
Liver 0 1.19 1.21 0.85 0.85 1.01 1.01 
(155) 1 1.21 1.24 0.84 0.83 1.01 1.01 
2 1.22 1.24 0.88 0.87 1.04 1.04 
3 1.23 1.26 0.89 0.89 1.05 1.05 
5 1.22 1.25 0.88 0.87 1.04 1.04 
6 1.26 1.30 0.96 0.96 1.11 1.12 
Larynx 0 1.10 1.11 1.86 1.87 1.52 1.52 
(161) 1 1.13 1.14 1.83 1.84 1.52 1.53 
2 1.14 1.15 1.92 1.93 1.56 1.57 
3 1.14 1.15 1.93 1.95 1.57 1.58 
4 1.17 1.17 1.91 1.92 1.57 1.58 
5 1.16 1.17 1.87 1.88 1.55 1.56 
6 1.21 1.21 2.01 2.03 1.64 1.66 
Lung 0 1.15 1.17 0.88 0.87 1.01 1.01 
(162) 2 1.15 1.18 0.92 0.91 1.03 1.04 
3 1.15 1.18 0.93 0.92 1.03 1.04 
4 1.16 1.20 0.92 0.91 1.03 1.04 
5 1.16 1.20 0.91 0.88 1.02 1.03 
6 1.21 1.26 0.97 0.97 1.08 1.10 
Bladder 0 0.81 0.82 1.08 1.08 0.96 0.96 
(188) 1 0.83 0.84 1.06 1.07 0.96 0.96 
2 0.84 0.84 1.10 1.11 0.98 0.98 
3 0.84 0.85 1.10 1.10 0.98 0.99 
4 0.86 0.86 1.09 1.09 0.98 0.99 
5 0.85 0.86 1.06 1.07 0.97 0.97 
6 0.90 0.91 1.17 1.17 1.04 1.05 
S P M R : Standardised Proportional Mortality Ratio 
M O R : Mortality Odds Ratio, derived from logistic regression model 
Series: A series of S P M R s and M O R s . The meaning of SPMR。to S P M R & and M O R o to M O R e 
was stated in the footnotes of table 4.5 and table 4.7, respectively. 
4.7. In ternal Comparison 
The internal comparisons were carried out by using logistic regression models. 
L i the model, the specific cause of death was the dependent variable. The risk 
of the inside kitchen group dying f rom the specific cause was compared to that 
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of the outside ki tchen group. The internal comparisons were done using t w o 
kinds of reference diseases, wh ich were all causes of death other than the cancer 
of interest (method 1，table 4.9) and all causes of death other than all types of 
cancer (method 2，table 4.10). Besides the workplace, other factors such as the 
place of or ig in (as categorical variable), years of un ion membership, age at 
death, and year of death (as continuous variables) were entered in to the logistic 
regression models. 
Workplace 
After adjusting for the other four factors (place of origin, years of union 
membership, age at death, and year of death), the inside kitchen group had 
lower M〇Rs for nasopharyngeal cancer (0.48 for method 1，0.39 for method 
2), stomach cancer (0.86 for method 1，0.82 for method 2), colorectal cancers 
(0.76 for method 1，0.70 for method 2), laryngeal cancer (0.64 for method 1， 
0.61 for method 2), bladder cancer (0.67 for method 1，0.69 for method 2), and 
all types of cancer (0.91 for both methods) when compared w i t h the outside 
kitchen group (table 4.9). Excess M O R s for the cancers of the oesophagus (1.28 
for method 1，1.19 for method 2)，liver (1.33 for method 1，1.23 for method 2)， 
and lung (1.16 for method 1，1.12 for method 2) were found in the inside 
kitchen group. Most of M O R s were not statistically significant except that of 
N P C for method 2，which was of borderline significance. The M O R of N P C 
(method 2) among the outside kitchen workers was 2.56 (95% CI: 1.00-6.67) 
comparing w i t h the inside kitchen workers. 
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Place oforigin 
The M O R s for cancers of the nasopharynx (1.75 for method 1，2.47 for 
method 2), stomach (1.31 for method 1，1.55 for method 2), colon & rectum 
(1.13 for method 1，1.38 for method 2)，liver (1.35 for method 1，1.70 for 
method 2), lung (3.36 for method 1，3.23 for method 2), and all sites (1.56 for 
both methods ) were elevated among those workers who were born in Siyi 
when compared to those of Chaozhou. O n l y the ones for lung cancer was 
significant. A non significant low M 〇 R was observed in oesophageal cancer 
on ly (0.44 for method 1，0.54 for method 2). 
Age at death and years ofunion membership 
A l l M O R s of age at death were less than 1 except that of bladder cancer. The 
95% confidence intervals did not include 1 for nasopharyngeal cancer (0.94 for 
method 1，0.92 for method 2) and all types of cancer (0.97 for both methods). 
The M O R s for years of membership were very close to 1. 
Year ofdeath 
The M O R s of years of death were less than one for liver cancer (0.89 for 
method 1，0.90 for method 2) and laryngeal cancer (0.81 for method 1，0.82 for 
method 2). Others were greater than one. None of them was statistically 
significant. 
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Table 4.9. Results of internal comparison using logistic regression model (all 
causes of death other than the cancer of interest as reference diseases) 
Variables M O R 95% C I 
Cancer of the nasopharynx (652 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 0.49 0.20-1.17 
Place of origin: (Chaozhou as reference) 
Elsewhere in Guangdongprovince 1.83 0.48-7.01 
Siyi 1.75 0.35-8.74 
Years of union membership l.〇〇 0.94-1.07 
Age at death 0.94 0.90-0.97 
Year of death 1.01 0.86-1.18 
Cancer of the oesophagus (632 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 1.28 0.54-3.09 
Place of origin: (Chaozhou as reference) 
Elsewhere in Guangdong province 0.77 0.22-2.71 
Siyi 0.44 0.07-2.64 
Years of union membership 0.98 0.91-1.05 
Age at death 0.99 0.95-1.04 
Year of death 1.15 0.97-1.37 
Cancer of the stomach (652 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 0.86 0.31-2.37 
Place of origin: (Chaozhou as reference) 
Elsewhere in Guangdong province 1.06 0.23-4.85 
Siyi 1.31 0.22-7.77 
Years of union membership 1.03 0.95-1.11 
Age at death 0.99 0.94-1.04 
Year of death 1.01 0.83-1.23 
Cancers of the colon & rectum (652 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 0.76 0.39-1.50 
Place of origin: (Chaozhou as reference) 
Elsewhere in Guangdong province 0.87 0.32-2.32 
Siyi 1.13 0.35-3.65 
Years of union membership 1.00 0.95-1.06 
Age at death 0.98 0.94-1.01 
Year of death 1.04 0.91-1.18 
To he continued 
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Table 4.9(Continued) 
Variables M O R 95% C I ~ ~ 
Cancer ofthe liver (652 deaths included in the analysis) 
Workplace (inside kitchen comparing wi th outside kitchen) 1.33 0.68-2.57 
Place of origin: (Chaozhou as reference) 
Elsewhere in Guangdongprovince 1.29 0.44-3.77 
Styi 1.35 0.38-4.73 
Years of union membership 1.00 0.95-1.05 
Age at death 0.98 0.95-1.01 
Year of death 0.89 0.78-1.02 
Cancer ofthe larynx (652 deaths included in the analysis) 
Workplace (inside kitchen comparing wi th outside kitchen) 0.64 0.12-3.53 
Place of origin：''" 特 # 
Years of union membership 0.97 0.84-1.12 
Age at death 1.00 0.92-1.09 
Year of death 0.81 0.57-1.14 
Cancer ofthe lung (652 deaths included in the analysis) 
Workplace (inside kitchen comparing wi th outside kitchen) 1.16 0.72-1.88 
Place of origin: (Chaozhou as reference) 
Elsewhere in Guangdong province 1.70 0.72-4.03 
Siyi 3.36 1.32-8.52 
Years of union membership 1.01 0.97-1.05 
Age at death 0.99 0.97-1.02 
Year of death 1.07 0.97-1.18 
Cancer of the bladder (652 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 0.67 0.11-4.16 
Place of originr'" # 特 
Years of union membership 0.99 0.83-1.18 
Age at death 1.07 0.96-1.20 
Year of death 1.23 0.84-1.80 
All types ofcancer (652 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 0.93 0.67-1.28 
Place of origin: (Chaozhou as reference) 
Elsewhere in Guangdongprovince 1.19 0.73-1.95 
Siyi 1.56 0.86-2.82 
Years of union membership 1.00 0.97-1.02 
Age at death 0.97 0.96-0.99 
Year of death 1.05 0.99-1.12 
M O R for place of origin cannot be calculated due to the small number of deaths in a category. 
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Table 4.10 Results of internal comparison using logistic regression model (all 
causes of death other than all types of cancer as reference diseases) 
Variables M〇R 95% C I " " " 
Cancer ofthe nasopharynx (396 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 0.39 0.15-1.00 
Place of origin: (Chaozhou as reference) 
Elsewhere in Guangdongprovince 2.11 0.53-8.43 
Siyi 2.47 0.47-12.85 
Years of union membership 1.01 0.94-1,08 
Age at death 0.92 0.88-0.96 
Year of death 1.02 0.86-1.20 
Cancer ofthe oesophagus (392 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 1.19 0.49-2.92 
Place of origin: (Chaozhou as reference) 
Elsewhere in Guangdongprovince 0.81 0.23-2.85 
Siyi 0.54 0.09-3.24 
Years of union membership 0.98 0.91-1.05 
Age at death 0.98 0.94-1.03 
Year of death 1.17 0.98-1.40 
Cancer ofthe stomach (387 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 0.82 0.30-2.28 
Place of origin: (Chaozhou as reference) 
Elsewhere in Guangdongprovince 1.14 0.24-5.43 
Siyi 1.55 0.26-9.33 
Years of union membership 1.03 0.94-1.12 
Age at death 0.97 0.93-1.03 
Year of death 1.03 0.84-1.27 
Cancers ofthe colon & rectum (408 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 0.70 0.35-1.42 
Place of origin: (Chaozhou as reference) 
Elsewhere in Guangdong province 091 0.34-2.49 
Siyi 1.38 0.42-4.52 
Years of union membership 1.00 0.95-1.06 
Age at death 0.97 0.93-1.00 
Year of death 1.06 0.92-1.21 
To he continued 
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Table 4.10 (Continued) 
Variables M O R 95% C I ~ 
Cancer ofthe liver (410 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 1.23 0.62-2.43 
Place of origin： (Chaozhou as reference) 
Elsewhere in Guangdongprovince 1.44 0.47-4.37 
Siyi 1.70 0.47-6.16 
Years of union membership 1.00 0.94-1.06 
Age at death 0.97 0.94-1.00 
Year of death 0.90 0.79-1.04 
Cancer of the larynx (377deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 0.61 0.11-3.40 
Place of origin： "" # # 
Years of union membership 0.96 0.83-1.12 
Age at death 0.99 0.91-1.08 
Year of death 0.82 0.58-1.18 
Cancer ofthe lung (451 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 1.12 0.68-1.84 
Place of origin: (Chaozhou as reference) 
Elsewhere in Guangdong province 1.64 0.68-3.98 
Siyi 3.23 1.25-8.37 
Years of union membership 1.00 0.96-1.05 
Age at death 0.98 0.96-1.01 
Year of death 1.07 0.97-1.19 
Cancer of the bladder (376 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 0.69 0.11-4.32 
Place of origin：''" # # 
Years of union membership 0.99 0.82-1.19 
Age at death 1.06 0.95-1.18 
Year of death 1.25 0.86-1.83 
All types ofcancer (650 deaths included in the analysis) 
Workplace (inside kitchen comparing with outside kitchen) 0.91 0.66-1.26 
Place of origin: (Chaozhou as reference) 
Elsewhere in Guangdongprovince 1.19 0.73-1.95 
Siyi 1.56 0.86-2.82 、 
Years of union membership 1.00 0.97-1.02 
Age at death 0.97 0.96-0.99 
Year of death 1.05 0.99-1.12 
" " M O R for place of origin cannot be calculated due to the small number of deaths in a category. 
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4.8 Summary of Results 
• A total of 652 deceased male workers (306 inside kitchen and 346 outside 
kitchen) dur ing the years 1986 to 1995 were identif ied and successfully 
traced. These two subgroups had similar distributions in the age at death, 
year of death, years of union membership, and place of origin. 
• Food-service workers as a group had significant excess SPMRs for N P C 
(SPMR=1.81, 95% CI： 1.26-2.59)，colorectal cancers (SPMR=1.73, 95% CI： 
1.27-2.36)，and all types of cancers (SPMR=L16, 95% CI： 1.07-1.27) (table 
4.4). 
I n the analyses of the two subgroups, the excess SPMRs for N P C 
(SPMR=2.25, 95% CI： 1.43-3.53) colorectal cancers (SPMR=1.92, 95% CI: 
1.29-2.86), and all types of cancers (SPMR=1.17, 95% CI： 1.04-1.31) 
remained significant in the outside kitchen group. The inside kitchen 
group had significantly higher SPMR for all types of cancers (SPMR= 1.16, 
95% CI: 1.02-1.32) A non-significant excess SPMR for lung cancer 
(SPMR=1.15, 95% CI: 0.87-1.52) was observed in the inside kitchen 
group. 
The SPMRs were litt le changed after removing the five most common 
causes of death (lung cancer, ischaemic heart diseases, cerebrovascular 
diseases, liver cancer, bronchopneumonia & pneumonia) f rom all causes of 
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deaths step by step (table 4.5). Af ter removing all types of cancers, the 
SPMRs were inflated compared to the corresponding SPMRs. 
• When reanalyses were done using the morta l i ty odds ratio method, food-
service workers as a group had significant excess M O R s for N P C (2.04, 
95% CI: 1.35-3.10), and colorectal cancers (1.91, 95% CI: 1.36-2.68), and all 
types of cancer (1.30, 95% CI: 1.11-1.52) (table 4.6). 
For the two subgroup, significant excess M O R s remained in the outside 
kitchen group for N P C (2.68, 95% CI： 1.61-4.48)，colorectal cancers (2.12, 
95% CI: 1.36-3.30), and all types of cancer (1.31, 95% CI: 1.05-1.62). The 
inside kitchen group had a significant excess M O R for all types of cancer 
only (1.29, 95% CI: 1.02-1.62). Nearly significant excess M O R s for 
oesophageal cancer (1.80, 95% CI: 0.97-3.33) and colorectal cancers (1.66, 
95% CI: 0.98-2.82) were also found in the inside kitchen group. Non-
significant excess M O R for lung cancer (1.26，95% CI： 0.89-1.76) was found 
in the inside kitchen group. 
The M O R s were l i tt le changed after excluding the five most common causes 
of death (hmg cancer, ischaemic heart diseases, cerebrovascular diseases, liver 
cancer, bronchopneumonia & pneumonia) f rom the reference diseases (table 
4.7). Af ter excluding all types of cancer, the M O R increased slightly over 
the corresponding MORs. 
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• O n comparing the results of the series of SPMRs and MORs , the M O R s 
were in general higher than the corresponding SPMRs, but the actual risk 
estimates were quite close (table 4.8). 
• For the internal comparison, no significant excess M O R of lung cancer was 
found in the inside kitchen group (table 4.9 and table 4.10). A borderline 
significant excess M O R of N P C (2.56 95% CI: 1.00-6.67) was observed in 
the outside kitchen group when excluding all types of cancer f rom the 
reference diseases. 
Regardless of the workplace, those workers whose place of origin were 
Siyi had significantly higher M O R of lung cancer comparing to those of 
Chaozhou origin after adjusting for four other factors (workplace, years of 
union membership, age at death, and year of death). 
4.9. Survey on Smoking and Drinking Prevalence among Current Food-
service Workers 
A total of 234 current male food-service workers in 17 restaurants were 
interviewed. O f these 234 workers, 139 (59%) worked inside kitchen and 95 
(41%) worked outside kitchen. 
4.9.1 Smoking habit 
The prevalence of daily smokers among current male food-service workers was 
49.2% (95% CI: 42.8%-55.6%) which was higher than that among the general 
population (27.2%). The information on smoking habits for the general 
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population came f rom the general household survey conducted by the H K . 
Census & statistics Department.斗。The prevalence of daily smokers among 
food-service workers varied f rom 36.6% to 70.6% in six age groups (table 4.11). 
The age group 15 to 19 had the highest prevalence (70.6%) which was nine 
times the corresponding prevalence among the general population (table 4.12). 
Table 4.11 The prevalence of daily smokers by age group among current 
male food-service workers 
Age group No . of N o of daily Prevalence (%)~~~95% C I (%) 
worker smokers  
~ ~ 1 ^ U U 7 ^ 48.9-92.3~~ 
20-29 41 27 65.9 51.4-80.4 
30-39 68 34 50.0 38.1-61.9 
40-49 82 30 36.6 26.2-47.0 
50-59 21 9 42.9 21.7-64.1 
60+ 7 4 57.1 20.4-93.8 
Total 236 116 49.2 42.8-55.6 
Table 4.12 The prevalence of daily smokers among the current male food-
service workers and the general population (male) 
prevalence of daily smoker (%) 
age group food-service worker General population 
15-19 7 ^ 7 ^ 
20-29 65.9 23.8 
30-39 50.0 28.1 
40-49 36.6 34.1 
50-59 42.9 34.8 
60+ 57.1 27.5 
Total 4^2 lJ_^  
There was no significant difference 6c^-test: P = 0.96) observed in the prevalence 
of daily smokers between the inside kitchen group(49.0%) and the outside 
kitchen group (49.3%) (table 4.13). 
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Table 4.13 Compar ing the prevalence of daily smokers among the current 
male food-service workers (male) 
prevalence of daily smoker (%) 
age group Inside kitchen group Outside ki tchen group 
15-19 7 ^ 5 ^ 
20-29 63.3 72.7 
30-39 46.3 55.6 
40-49 38.0 34.4 
50-59 33.3 46.7 
60+ # 57.1 
Total 493 4 ^  
#: N o data in this age group. 
4.9.2Drinking habit 
The prevalence of occasionally drinkers and daily drinkers were 44.5% (95% 
CI: 38.2%-50.8%) and 6.4% (95% CI: 3.0%-9.5%) among current male food-
service workers (table 4.14). No difference was found in the prevalence of 
2 
drinking between the two subgroups (% -test: P=0.44). 
Table 4.14 Comparing the prevalence of drinking among the current male food-service 
workers (male) 
Inside kitchen Outside kitchen All food-service 
group group workers 
Drinking Prevalence 9 5 % CI Prevalence~~95% C I ~ Prevalence 95% C I ~ ~ 
(o/o) (%) (o/o) (%) (%) (o/o) 
Never 47^ 39.6-56.2 ^T5 41.0-61.0 4 9 J 42.8-55.6 
Occasionally 47.1 38.8-55.4 40.6 30.8-50.4 44.5 38.2-50.8 
Daily 5.0 1.40-8.60 8.4 2.80-13.8 6.4 3.30-9.50 
Total 100 100 100 
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Chapter 5 
DISCUSSION OF FINDINGS 
The main purpose of the present study was to explore whether the male food-
service workers were at a higher risk of dying f rom certain types of cancer than 
the general population of H K . We examined the risks for cancers of the 
nasopharynx, oesophagus, stomach, colon & rectum, liver, larynx, lung, 
bladder, and all the sites. 
5.1 Outcomes for This Study 
5.1.1 Cancer risks for the all food-service workers 
The SPMR of all cancers for the food-service workers as a group was 
significantly higher than one. In Chinese restaurants, since the subgroups of 
food-service workers worked in different workplaces, they could be exposed to 
different carcinogens. Risk factors for cancers among the two subgroups w i l l 
be discussed later. 
Regardless of the workplace, an interesting finding of the present study was 
that workers whose place of origin were Siyi had increased MORs for cancers 
of the nasopharynx, oesophagus, stomach, colon & rectum, liver, lung, and all 
the sites when compared to those of Chaozhou origin. Especially for lung 
cancer, the M O R increased about threefold. It was obvious that the place of 
origin could not be a direct cause of lung cancer, so, something behind the 
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place of or ig in must be related to the cause of death. A l though cigarette 
smoking is wide ly accepted as a major risk factor for lung cancer in males, the 
calculated relative risk (RR) of smoking for lung cancer in males was around 
3.5 in China.28 There was no reason to believe that all the smokers were of Siyi 
or ig in in this study, hence, this threefold elevated risk was unl ike ly due to 
cigarette smoking alone. O n the other hand, life style factors such as poor diet 
and heavy dr ink ing might be related in part to this increased risk. There is a 
need for further studies to conf i rm these high risks of cancers, especially lung 
cancer, among people in Siyi. 
5.1.2 Cancer risks for the kitchen workers 
L U N G ( ICD code： 162) 
The present study showed a slight excess SPMR (1.15) for lung cancer among 
the kitchen workers compared w i t h the general populat ion (table 4.4), but i t 
was not statistically significant. Similar weak association between cooks and 
lung cancer was observed in 14 previous studies which showed the odds ratios, 
standardised morta l i ty ratios, or standardised incidence ratios to be between 
1.20 and 1.82 (table 2.1, table 2.2 and table 2.3). 
The fact that no significant excess SPMR for lung cancer was observed among 
the kitchen workers does not necessarily mean that cooking fumes are not 
responsible for the developing of lung cancer in cooks. This failure to f ind 
significant association between work ing inside kitchen and lung cancer might 
be due to the fo l lowing four reasons: 
96 
1) The number of death was too small. According to the two tables (see 
appendix 1) provided by Breslow & Day, • the statistical power was only 
around 13% when the SPMR of lung cancer was 1.12 w i t h the number of 
observed deaths was 41 in this study. A total number of 1017 kitchen 
workers who died of lung cancer should be observed to enable this SPMR 
to achieve statistical significance. However, no study of this size is l ikely to 
be undertaken w i th sufficient rigour to provide an unequivocal answer. 
This large sample size needed is because the association is weak. As 
Monson n5 indicated that " I f an exposure raises the rate of disease by 20% 
among the exposed, non-experimental epidemiologic methods are unlikely 
to be able to detect this association". In this study, a SPMR for lung cancer 
of 1.12 w i th a confidence interval between 0.85 to 1.49 simply indicated 
that the association was weak. 
2) One important reason for the failure to achieve the significant level could 
be the random misclassification in cooking fumes exposure, which tends to 
dilute associations. To study the relationship between cooking fumes and 
cancers, the ideal study population should be cooks who were heavily 
exposed to cooking fumes. However, in this study, workers who worked 
inside kitchen were considered as the exposed group instead of cooks, as 
the latter could not be identified f rom kitchen workers based on the union 
records. The kitchen workers included those workers who might be 
exposed to cooking fumes at very low levels. This misclassification tends to 
reduce the strength of the association between cooking fumes and cancers. 
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3) Lack of the ideal reference populat ion could under-estimate the risk. I n this 
study, the external reference group was the male general populat ion i n H K . 
This is not an ideal one since i t included the study group and those people 
wh ich might be at a high risk of lung cancer due to exposure to some other 
occupational hazards, such as ionising radiation, polycycl ic aromatic 
hydrocarbons, gas, arsenic, asbestos, chromium, bis-chloromethylether and 
n i cke l 116’ 117, 118，119’ 120, 121’ 122 The risk of lung cancer might increase as a 
consequence of the interaction between such occupational hazards w i t h 
smoking.i23 A l though the number of persons employed in such related 
occupations was small compared to the entire population, i t is necessary to 
note that the association could be under-estimated by using the general 
populat ion as a reference population. 
4) The weak association between lung cancer and inside kitchen w o r k could 
be a result of good venti lat ion in kitchens. A study in Taiwan indicated 
that using fume extractors had protective effects. ^^  Housewives exposed to 
cooking fumes in 20s, 30s, and 40s wi thout a fume extractor were 6.4 times 
more l ikely to develop lung cancer than those using a fume extractor in the 
kitchen. I n H K , fume extractors were widely used in the Chinese 
restaurants. The survey on smoking and dr ink ing habits in the current 
food-service workers was conducted in seventeen restaurants in H K . In the 
same survey, i t was revealed that all the 17 restaurants used fume 
extractors. Thus, i t is reasonable to assume that some of the cooking fumes 
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containing mutagens and carcinogens were removed by the fume 
extractors. The dose of the cooking fumes exposure could thus be reduced. 
A confounding effect of smoking might have contributed to the slight excess of 
lung cancer in this subgroup. The possibility of confounding by smoking could 
not be put directly to test since no data were available on the prevalence of 
smoking for those deceased food-service workers. T w o methods recommended 
by Steenland ^^ ^ were applied to estimate the effects of smoking. One was a 
survey on smoking habits among current workers. Data f rom this survey 
showed that the food-service workers had a higher smoking prevalence than 
that of the general population (table 4.12). O n the other hand, the kitchen 
workers and the outside kitchen workers had similar prevalence of smoking 
(table 4.13). Based on these results, i t could be postulated that both subgroups 
would have similar and greater than 1 SPMR of lung cancer i f the increased 
risks were attributed completely to the difference in smoking habits between 
the two subgroups and the general population. In the present study, the SPMR 
of lung cancer was greater than one for the kitchen workers but was less than 
one for the outside kitchen workers(table 4.4). Thus, it seemed unlikely that 
smoking was ful ly responsible for the excess SPMR observed in the kitchen 
workers. The other method to control for the confounding effect of smoking 
was to use an internal reference group rather than using the general population. 
The two subgroups which came f rom a similar socio-economic class were 
supposed to have similar smoking habits since it is well known that smoking 
habits vary by social class. ^^ ^ In addition, data f rom the survey on current 
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workers indicated that there was no significant difference in the smoking 
habits between the two subgroups. A slight excess M O R of lung cancer was 
also observed among the kitchen workers in the internal comparison (table 4.9, 
table 4.10). Hence smoking was unl ikely to have a major confounding effect on 
the risk measurement of lung cancer in this study. 
Al though the excess SPMR of lung cancer among the kitchen workers could be 
due to chance in this study, the role of cooking fumes could not be ruled out. 
I t is possible that the fumes generated by cooking, particularly the Chinese 
style of cooking, contain carcinogens. Experimental studies have found that 
there was coherence in the carcinogenicity of cooking f u m e s . ^ A i r samples 
f rom different restaurant cooking areas were found to be more frequently 
mutagenic than samples f rom dining areas.^ ^ Further studies also found that the 
amount of airborne mutagens and carcinogens increased w i th the temperature 
of cooking. ^^ '^ '^^ ^ Thus, Chinese style of cooking, w i th its very high 
temperature, should induce much more such substances. Moreover, cooking 
fumes were found to be associated w i th an increased risk of lung cancer in 
women in several epidemiological s tud ies^ i 
To study the association between cooking fumes and lung cancer, several 
approaches deserve attention. Further epidemiological studies should 
concentrate on subgroups work ing inside kitchen, such as cooks who do a lot 
of frying, rather than studying the occupation as a whole. In other words, to 
strengthen the association, the measurement of exposure should be more 
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specific. I n order to focus more directly on the absorbed dose, mutagens and 
carcinogens in the faeces and urine of cooks after w o r k could be compared to 
levels in cooks after t ime off and to levels in other occupational groups. I t is 
also necessary to restrict the reference group to some occupational groups that 
are never exposed to wel l k n o w n carcinogens. O n the other hand, 
environmental studies, part icularly long-term air sampling inside restaurants 
and kitchens, are necessary to assess the potential risk of prolonged 
occupational exposure to cooking fumes. The mutagenicity of air in a much 
larger sample of restaurants should be conducted to delineate the factors wh ich 
lead to a high mutagen concentration (e.g., types of cooking, types of o i l and 
seasoning used, types of fuel used, venti lation, etc.). 
O E S O P H A G U S ( ICD code： 150) 
A nearly significant excess SPMR of oesophageal cancer was found among the 
kitchen workers (table 4.4). This f inding was consistent w i t h earlier studies 
among restaurant workers. 2.70,727375-77 Al though three factors, smoking, alcohol 
dr inking, and poor diet, seemed to be related to the high risk of oesophageal 
cancer in these studies, the contr ibut ion of occupational exposures could not be 
neglected. 
C O L O N & R E C T U M ( ICD code： 153-154) 
Another nearly significant excess SPMR in the kitchen workers was that for 
the colorectal cancers. This f inding was in accordance w i t h most of the 
occupational studies reviewed earlier, which showed non significant excess risk 
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or l o w risk of colon and rectum cancers among cooks or waiters (table 2.1, 
table 2.2 and table 2.3). This excess SPMR might probably be due to chance 
only. However , i f these workers had a poor diet, say more fat, fewer vitamins 
or vegetables, the high risk of colorectal cancers could be real. Further 
investigations on the life style and dietary habit w i l l be helpful to clarify these 
factors. 
A L L SITES ( ICD codes： 140-208) 
Chemicals detected f r om cooking fumes, such as 1,3-butadiene, benzene, B(a)P 
acrolein etc., have been found to cause cancers on multiple-organs. The 
significantly increased risk for all types of cancer among the ki tchen workers 
in our study might be related in part to those substances. This elevated risk for 
all types of cancer had also been found among cooks in two other studies.聊 
Therefore, cooking fumes as an etiologic factor behind cancers could not be 
ruled out completely for the kitchen workers, especially not for Chinese 
cooks. 
5.1.3 Cancer risks for the outside kitchen workers 
N A S O P H A R Y N X ( ICD code： 147) 
One earlier study in China observed excess risk of N P C in pastry cooks and 
bakers and suggested that exposure to combustion products might be associated 
w i t h N P C r isk .沾 The variations in N P C mortal i ty among different 
occupational groups were investigated among males in H K f rom the years 1976 
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to 1981.125 Using the Hong Kong population census as standard, the direct age 
standardised mortal i ty rates (DSMR) among various occupational groups 
revealed high mortal i ty in agricultural and fishery occupations (p<0.01 by z 
tests), and lowest mortal i ty among administrative occupations (P < 0.05 by z 
tests). This study included seven major occupational groups, which were used 
to reflect the social economical status rather than occupational exposures. U p 
to now, no study has been published to relate N P C w i t h waiters. This might 
be due to the belief that N P C would not be occupationally related, as cases of 
N P C have been found to occur even in young adults below the age of 20. 
Another reason might be that N P C was not a common cancer in other 
regions, so, there would not be enough cases for studying the relationship 
between occupation and NPC. 
In the present study, the SPMR of N P C among the outside kitchen workers 
was markedly increased. The SPMR showed that the outside kitchen workers 
had over twofo ld risk of dying f rom N P C than the general population in H K 
(table 4.4). This high SPMR might be due to the difference in the distribution 
of the place of origin between the outside kitchen group and the general 
population. I t was known that N P C mortal i ty distribution in China exhibited 
remarkable variations geographically and ethnically in many s t u d i e s . ^ , i26'i27 
These studies showed that the highest N P C mortal i ty rate was in Guangdong 
province. Even wi th in Guangdong, mortal i ty varied in different regions and 
counties. The highest one was in Siyi and the lowest one was in Chaozhou. 
This variation in the place of origin was also consistently found in our study 
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(table 4.9, table 4.10). However, the place of origin seemed not to be an 
important confounding factor for the high SPMR of N P C in the outside 
kitchen workers for two reasons. Firstly, comparing the outside kitchen 
workers and the general population, the place of origin distributions in Siyi, 
Chaozhou, and elsewhere in Guangdong were similar (table 4.2). The total 
percentage of Guangdong province in the outside kitchen group (100%) was 
higher than that of the general population (87.1). Probably, this difference in 
the place of origin might play a role in the proportionately high N P C risk, but 
i t was unl ikely that the 12.9% difference could account for the more than two-
fold increase in risk. The second reason was that the high risk stil l remained in 
the outside kitchen group ^vlOR=2.56, 95% CI： 1.00-6.67) in the internal 
comparison when the place of origin as a confounding factor was adjusted. 
I t is worthwhi le to note that the outside kitchen workers were exposed to 
heavy environmental tobacco smoking (ETS). In H K , smoking is not 
prohibited in restaurants. There are a lot of people smoking during morning 
tea, lunch, afternoon tea and dinner in Chinese restaurants. The outside 
kitchen workers could not avoid passive smoking entirely during their work. 
In contrast, passive smoking was less l ikely inside the kitchen in the course of 
work. Therefore, the outside kitchen workers were exposed to much more 
ETS than the kitchen workers while they had similar active smoking habits 
(table 4.13). U p to now, there is no epidemiological evidence that ETS might 
be a risk factor of NPC; however, active cigarette smoking was found to be 
related to high risk of NPC.^^^ Thus, it is postulated that active smoking 
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together w i t h heavy ETS exposur might be the explanation for the high risk of 
N P C noted among the outside ki tchen workers. 
Another possible reason might be Epstein-Barr virus infection, wh ich appeared 
to be the strongest and most consistently related factor to N P C in many 
studies.i28，’i29，i3o I t is wel l k n o w n that the Chinese restaurants are crowded w i t h 
different kinds of people. I t is could be that the outside ki tchen worker 
wo rk ing in such an environment might be more l ikely infected Epstein-Barr 
virus. Further seroepidemiological investigations in this occupational group 
w i l l be needed. 
A l though consumption of salted fish and other salt-preserved foods might be 
major risk factors in several Chinese populations/^^'"^ there is no informat ion 
on the diet of the food-service workers including the inside kitchen and the 
outside ki tchen workers in our study or earlier studies. So, i t was diff icult to 
say that dietary factors caused N P C in this group. 
The relationship between life-style, Epstein-Barr virus, and N P C in this 
occupational group w i l l have to be enlightened by further studies. 
C O L O N & R E C T U M ( ICD codes： 153-154) 
One other markedly increased SPMR was for colorectal cancers. The SPMR 
increased about twofo ld among the outside kitchen workers compared w i t h 
the general population. As indicated before, there were few studies showing 
high risks for cancers of the colon and rectum (table 2.4). One possible 
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explanation might be the unhealthy diet. I t is wel l k n o w n that l o w vegetable 
and high fat diets are associated w i t h high risks of colon and rectum cancers. 
However , diet alone could not explain w h y this high SPMR sti l l remained in 
the internal comparison. The t w o subgroups should have similar diet since the 
food-service worker 's meals were usually provided by their employers in 
Chinese restaurants in H K . 
Several studies suggested that diet might influence the risk of cancer in smokers 
and a l ow v i tamin A intake and lower consumption of vegetables may make 
people more susceptible to the development of cancer, such as cancers of the 
colon, rectum, head, neck, lung.i33i34'i35,i36,i37,i3s Thus，it is reasonable to suppose 
that diet r ich in animal protein and lack of fibre together w i t h heavy ETS 
exposure might have caused this high risk. Unfortunately, the present study 
was a prel iminary investigation using routine records only, and informat ion on 
smoking, dr inking, and diet of these workers were not available. Nei ther the 
direct relationship between these factors and cancer or the interactions 
between these factors could therefore be estimated. Hence, further studies w i t h 
detailed assessment of exposure to environmental smoking and investigation of 
lifestyle including cigarette smoking, alcohol dr inking, and diet may help 
clarify the role of occupation in cancer risk. 
A L L SITES ( ICD codes： 140-208) 
Fo l low on f r om the above discussions, heavy active smoking and 
environmental tobacco smoking (ETS) were probably the major risk factors 
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for the overall h igh risk of cancers among the outside ki tchen workers. I n 
addit ion, dietary factors could also play an important role. 
5.2 Limitations of the Methods Adopted in the Present study 
5.2.1 Standardised proportional mortality ratio (SPMR) 
As discussed in Chapter 3，the P M R was used as an index to provide a measure 
of risk association w i t h a particular occupation when the populat ion at risk 
could not be defined and only death data were available. According to the 
def ini t ion of the PMR, a P M R greater than 1 indicates that there is a higher 
propor t ion of deaths due to a specific cause in the study populat ion than in the 
reference population. This may or may not mean a corresponding higher 
absolute risk f r om the same cause since the P M R does not measure the 
morta l i ty rate directly. I t can only indicate that the propor t ion of deaths f r om 
a specific cause is high or low when compared to other causes. The major 
methodological l imi tat ion of P M R is that i t is dif f icult to interpret a higher 
cause specific PMR, whether there is a real excess risk or on ly a result of a 
particularly low rate in another cause. 
To look at the influences of other causes of death, a series of adjusted SPMR 
were computed in the present study. The method of adjusted SPMR has been 
discussed in Chapter 3. The foundation of a proportionate mortal i ty analysis is 
to compare the deaths f rom a specific cause of interest to the deaths f rom some 
large collection of causes, the latter quantity termed the “base，，. The usual 
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practice is to use all causes of deaths as the base (SPMR). The ‘adjusted，SPMRs 
were a series SPMRs using different base. 
Overall, the variation of the adjusted SPMRs was consistent w i th in a group 
(Figure 4.4). Among the inside kitchen workers, the removal of lung cancer 
and liver cancer f rom the base reduced the SPMRs of the specific cancers. The 
consistent variation for the eight selected types of cancers suggested that deaths 
f rom lung cancer and liver cancer in the kitchen workers were proportionately 
high compared w i t h those in the general population of H K . O n the other 
hand, deaths f rom I H D and cerebrovascular diseases were unl ikely to be 
disproportionately high or low in this group, since the SPMRs were not 
influenced by removing these diseases. Among the outside kitchen workers, 
the removal of I H D and cerebrovascular diseases increased the SPMRs. This 
implied that death f rom I H D and cerebrovascular diseases were more common 
in this group. For both subgroups, the SPMRs were reduced by taking out 
bronchopneumonia & pneumonia and increased by taking out all types of 
cancer. The implication would be that deaths f rom bronchopneumonia & 
pneumonia were proportionately low, but deaths f rom all types of cancer were 
more common in both groups. Removing all types of cancer affected the result 
more than the five major causes. After being adjusted, those significantly excess 
SPMRs (NPC, colorectal cancers in all food-service workers and the outside 
kitchen workers) were still significant. N o significant change in the direction 
of the risks of the selected cancers was found after adjusting. 
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Therefore, in the present study, the specific cancer risk was probably under-
estimated due to the high proport ion of other types of cancer. However, this 
approach was not directly resolving the problems of the high or low all cause 
mortal i ty rate. I t may just aid the interpretation of the data. A l though the 
adjusted SPMR might indicate that some major causes were disproportionately 
high or low, i t wou ld not indicate whether high or low overall mortal i ty had 
existed or that the associated problems had been partly or who l l y resolved. 
5.2.2Morality odds ratio (MOR) 
To obtain another estimate for the risk of specific cancer mortal i ty, the 
proport ional mortal i ty data was reanalysed using the M O R . The M O R equals 
the exposure odds ratio comparing the deaths f rom the cause of interest w i th 
those f rom the auxiliary causes and it can be interpreted as the observed-to-
expected ratio or the standardised mortal i ty ratio on the assumption that the 
mortal i ty rate for the auxiliary causes is unrelated to the exposure. The sex, 
age, and calendar year could be adjusted by the Mantel-Haenszel method or 
logistic regression if the individual data were available in the reference 
population. There is a need for a careful choice of the reference causes of 
deaths. In particular, they should be confined to causes that are unrelated to the 
exposure. It is advantageous to select a series of reference causes of death 
instead of a single one. 
The results of M O R (table 4.6) also showed significant excess risks of N P C and 
colorectal cancers in the outside kitchen workers and a non-significant excess 
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risk of lung cancer in the kitchen workers. The variations of the series of 
M O R s (table 4.7 and figure 4.5) supported that mortal i ty f rom lung cancer and 
liver cancer were higher in the kitchen workers but lower in the outside 
kitchen workers compared to those of the general population. The resulting 
series of M O R s suggested that moral i ty f rom all types of cancer were higher 
among the food-service workers than in the general population, since the value 
of M〇R6 f rom a specific cancer was the largest among all MORs for the same 
cancer. 
I t has been debated whether the SPMR or the M 〇 R was a better approach to 
estimated the risk for an exposure group if the information on the size of the 
population at risk is impossible or too expensive to quantify. ^^ ^ Miettinen & 
Wang suggested that the M O R should replace the PMR in all situations in 
which the latter might be used . Based on our results and comparing the series 
of SPMRs and MORs (table 4.8)，the fol lowing findings could be observed. 
First, for a specific cancer, the variation of SPMRs derived f rom the different 
bases was the same as that of MORs derived f rom the different reference 
causes. Second, when causes of death, say lung cancer and I H D , were excluded 
f rom the base (SPMR) or the reference causes pVIOR), the values of SPMR and 
M O R were quiet close. Third, the MORs were equal to or slightly greater than 
the corresponding SPMRs when both values were greater than 1. Fourth, 
larger differences between these two values were observed in those cancers for 
which the SPMR or M O R was significantly high. Thus, it could be concluded 
that the risk estimation f rom M O R was consistent w i th SPMR if the same 
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other causes were removed f rom the base or the reference causes. In other 
words, i f some proportionately high or low causes of deaths are taken into 
account for SPMR or M O R , the effect f rom those causes were quite similar in 
both methods. In this situation, there is unl ikely too much difference in using 
these methods. However, i f there is a significant excess risk for a cancer, the 
M O R seems to be more sensitive for detecting the risk. The important 
advantage for using M O R is that the calculation of the M O R and its 
confidence interval is quite easy. The results can simply be derived f rom the 
logistic regression model using common statistical software, such as SPSS, SAS, 
etc. Moreover, potential confounding factors and effect modifiers can easily be 
adjusted for in the model. Considering these advantages, we agree w i th the 
suggestion f rom Miett inen & Wang. 
5.3 Bias and Control 
I t is wel l known that epidemiological studies involve free-living human beings. 
Thus, one or more types of bias might arise f rom study design to data 
collection and data analysis, even in the most rigorously designed investigation. 
The validity of the findings w i l l be affected by the types of bias introduced and 
the directions. 
5.3.1 Selection bias 
Selection bias can result f rom a number of circumstances related to the way in 
which individuals are ascertained and selected for study. 
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There was evidence that work ing populations were generally at lower risk for 
all major causes of death. This phenomenon has been labelled the healthy 
worker effect (HWE) / ' ° I t has been proposed that both the SPMR and M 〇 R 
yield biased approximations when there is a H W E . ^^ ^ This presumed selection 
can be reduced by excluding specific causes of death, such as heart disease, 
which are known to consistently exhibit a strong H W E . In our study, five 
main causes of death were excluded step by step. The results showed that a 
slight H W E was exhibited in bronchopneumonia and pneumonia and no 
\ 
H W E was exhibited in ischaemic heart diseases. Further more, subjects of the 
present study were deceased males who had been a food-service worker but 
could have retired or been unemployed during the study period. In other 
words, this study population was not an absolutely active work ing group. 
Thus, the health worker effect could not have biased our results to a great 
extent. 
The representation of our study group might be questioned since the study 
group did not include all the food-service workers in HK. . However, there is 
no reason to believe that workers joined the union because of their health 
problems. This was especially true for cancers that had a short duration 
between onset and death. The study group could be treated as a representative 
sample for all food-service workers in H K . 
Another possible selection bias might be introduced in our study when some 
deceased food-service workers could not be traced in H K . This k ind of bias 
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wou ld not modi fy our results to a great extent. The propor t ion of deaths 
outside H K was 8.5% only and more than 80% of deaths were included in the 
analyses. In addition, there is no strong reason to believe that workers who 
suffered f rom specific diseases tended to died outside H K . Thus, we can assume 
that the mortal i ty pattern amongst those excluded in the analyses would not 
differ much f rom those included. 
Selection of the most appropriate reference population and reference disease(s) 
for calculating expected numbers often poses problems. In order to provide an 
unbiased estimate of the true M O R , the reference group and auxiliary diseases 
should be selected cautiously as in a case-control study using hospital controls. 
In other words, the study and reference populations should have equal rates of 
death f rom the reference causes/^^ In our study, it is diff icult to determine 
causes for which death rates were equal in both populations. However, the 
variation of the M O R due to an unequal rate of death for different causes could 
be estimated by using a series of reference causes. The results f rom this set of 
reference causes of death indicated that using all causes of death in the 
calculating of SPMR and M O R might underestimate the real risk. 
5.3.2 Information bias 
Information bias can be introduced if inaccurate or incomplete data are 
obtained f rom the various study groups and the inaccuracy or incompleteness 
affects the two groups to an unequal degree. 
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Misclassification of cause of death might be a source of bias. If, during the 
study period, clinicians believed that food-service workers had an excess risk of 
cancers of the oesophagus, nasopharynx, lung, or colon & rectum, they might 
be more l ikely to make such diagnoses in workers f rom this occupation, and 
thus inflated the SPMR or M O R . Such association were not known and are 
stil l not widely accepted, so i t was unl ikely that the diagnoses of these causes of 
death were biased. 
Another problem which a PMR study has to face was the quality of data on 
which it is based. For most PMR studies, the industrial group is usually 
identified f rom death certificates containing the information on occupation and 
might not include all persons who had ever been employed in the industry 
being studied. Since most people died after 65 years of age, their occupations 
might be recorded as 'retired' on the death certificates. This information on 
occupation referred to one point in time only. The industrial group identified 
f rom death certificates includes only those in active employment. As a result of 
this, the group would l ikely include more deaths due to in jury than studies 
using union records. O n the other hand, since people could be employed in 
several industries during their lifetime, they might be exposed to a variety of 
occupational hazards in addition to the one under study. Thus, studies based 
on data f rom death certificates alone may not be adequate for exploring the 
occupational hazards. To overcome this problem, the subjects of our study 
were identified f rom the food-service workers unions which kept records of all 
member, even after they had left, retired or died. The use of union records 
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seemed to have an advantage over the use the in format ion f r o m the death 
certificates alone. 
A n ascertainment bias could arise i f the underlying causes of death in the study 
group and the reference group were coded by the investigator and the B i r th & 
Death Registry staff respectively. In H K , the underlying causes of death were 
usually coded by staff of the B i r th & Death Registry. A l though a high 
propor t ion of death certificates were signed by medical practitioners, the 
accuracy of informat ion provided on the death certificates was sti l l a matter for 
concern. In a survey on the quality of death certification in 1995，some 1800 
death certificates were examined and "quite a number" (no available number in 
the original paper) were found to be completed incorrectly by medical 
pmctitioners.i43 y h e n the correct sequence of the chain of events was not 
properly completed, the coder wou ld then have to decide wh ich entry was 
really the underlying cause of death. I t wou ld be a diff icult task for the coders, 
who usually had l i t t le medical training, to delineate the chain of events leading 
directly to death. I t wou ld also be very diff icult for us to know i f the 
appropriate code had been given by the coder in such a situation. Fortunately, 
the I C D codes for the underlying causes of death were sent to the Department 
of Health for checking and amendment, before statistical reports were 
compiled by the Census & Statistics Department. Rather than t ry ing to trace 
death certificates and re-do coding by the investigator, all I C D codes of the 
study group and the reference population were obtained f rom the H K Census 
& Statistics Department to avoid possible systematic misclassification caused 
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by different coding behaviour. Misclassification could stil l be present, but most 
l ikely wou ld be random. Non-differential misclassification resulting f rom 
coding causes of death wou ld tend to reduce any association between work-
related exposures and cancer risk. 
5.3.3 Confounding 
I f a confounding factor which is associated w i t h the exposure and, independent 
of that exposure is present, is also a risk factor for the disease, the observed 
relationship between the exposure and disease can be attributable, total ly or in 
part, to the effect of the confounder. 
In occupational studies, tobacco smoking and alcohol dr inking are common 
confounding factors. However, individual information on these factors is 
usually lacking. It is also a l imitat ion of our study. To obtain an indication of 
the possible differences in these parameters between the male food-service 
workers and the male general population in H K , we performed a cross-
sectional survey among the current male food-service workers. These data 
should only be used w i th caution in the interpretation of the SPMRs or 
MORs, Since they were obtained f rom a cross-sectional survey of current 
workers, they might not be directly comparable w i th the data for our study 
group. The prevalence of daily smoker in the H K general population decreased 
f rom 39.7% to 27.2% during 1982 to 1993 (figure 1.2). We do not know 
whether smoking habit have undergone the same changes during the same 
periods of time among the food-service workers, but there is no reason to 
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believe that this change was significantly more in the food-service workers than 
that in the general population. In general, people w i t h low educational 
background are usually less l ikely to give up smoking. By back projection, the 
prevalence of daily smokers among food-service workers in the 1980s should 
not be much higher when compared w i t h the figure f rom the current survey. 
Thus, the real difference in prevalence of daily smoker between the study 
group and the general population during the study period might be smaller 
than that of the current survey. In other words, the influence of smoking was 
probably less than the estimation f rom the current survey. 
5.4 Implications from the Results of the Present Study 
I t is generally believed that cancers might be prevented, at least in part. I f 
cooking fumes were in fact a contributing cause of lung cancer, deaths f rom 
lung cancer could be prevented by removing this cause. Al though the cause 
effect relationship between cooking fumes and lung cancer have not been 
confirmed, w i th the suggestive findings of our study and other earlier studies, 
i t is advisable that the methods of traditional Chinese cooking be modified. 
Exposure to cooking fumes should be reduced in order to reduce the risk of 
cancers, especially lung cancer, not only in cooks but also in Chinese females. 
Education on healthy cooking methods should be disseminated in Hong Kong 
and includes advice or using lower oi l temperature and fume extractors. 
There is a need for more attention to the health of the food-service workers in 
Hong Kong. It is well known that cancer patients suffer extraordinarily 
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unendurable pain in both physical and psychological aspects. The relatives also 
have to face this cruel fact. O n the other hand, the government has to provide 
the very expensive medical treatment and care for these patients. Therefore, 
f inding out the causes of cancer for this occupational group and preventing 
them w i l l benefit not only this occupational group but also the entire 
community. 
This study provided useful information on the risk of cancers among food-
service workers in Hong Kong for the first time. Since the number of food-
service workers is large in Hong Kong, any excess risk found in this 
occupation wou ld have important implications, for policy making regarding 
the health of workers in this occupation. 
The raised S P M R / M O R of nasopharyngeal cancer and colorectal cancers 
among the outside kitchen group deserved attention. This is the first study 
showing the increased risk of death f rom these two groups of cancers among 
food-service workers in Hong Kong. Further studies need to be carried out to 
conf i rm the increased risks of these types of cancers and explore the risk factors 
in order to implement effective prevention. In addition, molecular genetics 
holds a promise for identifying cases of N P C and colorectal cancer at an early 
stage f rom this occupational group w i th high r isk / ' ' ' ' ' ' Therefore, secondary 
prevention w i l l be an actual possibility and may be more cost-effective. 
Methodologically, we found that the risk estimations using the M O R method 
were consistent w i th the SPMRs if the same other causes of death were 
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removed f rom the base or the reference causes. However, the M O R seemed to 
be more sensitive for detecting an excess risk. Since the P M R is a useful 
epidemiologic tool for detecting unusual patterns of cause-specific deaths for 
surveillance purposes, this technique is stil l being used by many researchers. 
Based on the results of our study, we give the fol lowing suggestions. 
1) I f the available data permit, the influence of those causes of death which 
are possibly related to the exposure or have low cause-specific death rates, 
in the study group should be takes into account by using either a series of 
adjusted SPMRs or a set of MORs w i th mult iple reference causes. 
2) I f there is no pr ior evidence to support the existence of such specific 
causes, the two methods w i l l also aid to improve the interpretation of the 
results as in the present study. 
3) I f information on possible confounding factors are available for 
individuals in the study group as well as in the reference population, the 
M O R is more advantageous because of the ease in computation by using 
the logistic regression model. 
5.5 Conclusion 
In summary, this study in Hong Kong has revealed high risks f rom several 
types of cancers among the food-service workers. Given the limitations 
discussed above, the present study could not provide exact measurements of 
the associations between occupational exposure and cancers. The study only 
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provided indices to show the unusual pattern of causes of death. Several 
conclusions could be drawn f rom the results. 
1. Food-service workers as a group had an overall higher risk of dying f rom 
cancers. This might be a result of the different etiologic factors present 
among the kitchen workers and the outside kitchen workers. Further 
studies w i l l be needed to identify the unique carcinogens or risk factors for 
this occupational group. 
2. The outside kitchen workers had significantly excess risks of N P C and 
colorectal cancers. Al though poor diet, smoking, passive smoking might be 
risk factors, the etiologic exposure(s) associated w i t h this employment 
category was stil l unclear. The excess risks might be due to the existence of 
some unknown etiologic factors or simply a result of chance occurrence. I f 
exposure to any particular carcinogen was found to be high in the outside 
kitchen workers by further studies, then prevention should be possible. 
3. Al though the present study did not strongly support the hypothesis that 
the male kitchen workers in Hong Kong had a higher risk of dying f rom 
lung cancer, the association between cooking fumes and lung cancer might 
be under-estimated in this study as discussed earlier. The interplay of 
different potential etiological factors, especially cooking fumes and 
smoking, need to be clarified in further studies. 
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APPENDIX 
Append ix 1 
Table 7.1 5% and 1% points of the Poisson distr ibut ion for different 
values of the mean. The numbers tabulated are the smallest integers for 
wh ich the probabi l i ty of being equalled or exceeded is less than 5% and 1% 
(designated C (£, 0.05) and C (£, 0.01), respectively. 
Mean ofPoisson~~C{E, 0.05) C{E, 0.01) Mean {E)~~C{E, 0.05) C (E, 0.01) 
distribution, E  
~ 4 5 20 29 32 
2 6 7 25 34 38 
3 7 9 30 40 44 
4 9 10 35 46 50 
5 10 12 40 52 56 
6 11 13 45 57 62 
7 13 15 50 63 68 
8 14 16 60 74 80 
9 15 18 70 85 91 
10 16 19 80 96 103 
11 18 20 90 107 114 
12 19 22 100 118 125 
13 20 23 
14 21 24 
1 5 ^ ^ . 
Table 7.2 Comparison w i t h an external standard 
(a) Probability (%) of obtaining a result significant at the 0.05 level (one-sided) for varying 
values of the expected value E assuming no excess risk, and of the true relative risk R  
Expected number True relative risk ( R ) 
of cases assuming  
no excess risk ~ L 0 L 5 ~ ~ ~ W ~ ~ ^ 0 ~ ~ ~ 4 0 ~ ~ 5 ^ ~ ~ ~ Y 3 i ^ ~ ~ i ^ o K o 
{R=l)  
I.0 1.90 7 14 35 57 74 94 99 100 100 
2.0 1.66 8 21 55 81 93 100 
3.0 3.35 17 39 79 95 99 
4.0 2.14 15 41 84 98 100 
5.0 3.18 22 54 93 100 
6.0 4.26 29 65 97 100 
7.0 2.70 26 64 98 100 
8.0 3.42 32 73 99 100 
9.0 4.15 38 79 100 
10.0 4.87 43 84 100 
II.0 3.22 39 83 100 
12.0 3.74 44 87 100 
13.0 4.27 48 90 100 
14.0 4.79 53 93 100 
15.0 3.27 49 92 100 
20.0 3.43 60 97 100  
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Table 12 {contd) 
Expected number True relative risk ( R ) 
of cases assuming  
no excess risk " T o U L 2 O L 4 L5 L 6 L 7 L 8 L 9 ~ ~ 
(R=l)  
20.0 3.43 9 18 30 45 60 73 83 90 94 
25.0 4.98 13 26 42 59 74 85 92 96 98 
30.0 4.63 13 27 46 64 79 89 95 98 99 
35.0 4.25 13 29 49 69 83 92 97 99 100 
40.0 3.87 13 30 52 72 86 94 98 99 100 
45.0 4.73 16 36 60 79 91 97 99 100 
50.0 4.24 16 37 61 81 93 98 99 100 
60.0 4.42 18 42 69 88 96 99 100 
70.0 4.48 19 47 75 92 98 100 
80.0 4.46 21 51 80 94 99 100 
90.0 4.39 22 55 83 96 99 100 







































































































































































































































































































































































































































































































































































































































































































































































































































































Append ix 4 
Questionnaire on 
Smoking and Drinking Habits Survey Among Food-service 
Workers in Hong Kong 
I. General information: (CONFIDENTIAL) 
1.1. Serial number ⑴ 
1.2. Interviewer ⑵ 
1.3.Date of interview dd mm yy ⑶ 
1.4. Name 
1.5.Tel .No ⑷ 
1 .6 . IDNo ⑶ 
L7.Date o fb i r th dd mm yy (6) 
1.8. Sex Ma le - - -1 ⑶ 
Female——2 
1.9. Marital status: S i n g l e - - 1 ⑶ 
Married——2 
Separated or divorced——3 
Widow or widower——4 
Not known——9 
1.10. Education: No formal education----0 ⑶ 
Not completed primary——1 
Completed primary school——2 
Not completed secondary----3 
Completed secondary or above——4 
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II. Occupational information'. 
2.1. Years in food-service (i。） 
2.2. Working hours per day (average, count the ⑴） 
hours at workplace only) 
2.3. Working days per week (⑵ 
2.5. Position: ⑴） 
IIL PERSONAL HABITS: 
3.1 A. Have you ever smoked cigarettes? Yes——1 (14) 
{No means less than 20 packs of N o — 2 
cigarettes or less than 1 cigarette a 
day for 1 year.) 
IF YES T0 3.1A 
B. Do you now smoke cigarettes (as of Y e s — 1 (⑶ 
1 month ago)? No----2 
Does not apply——9 
C. I f you have stopped smoking Age stopped (i6) 
cigarettes completely, how old were Does not apply——99 
you when you stopped? 
D. How many cigarettes do you smoke Cigarettes per day (17) 
per day now? Does not apply----99 
E. On the average of the entire time Cigarettes per day —— （18) 
you smoked how many cigarettes Does not a p p l y - - 9 9 
did you smoke per day?  
3.2. Would you describe your N o n e - - 0 (i9) 
present alcohol intake On special occasions only----1 
as: Daily / most days——2 
Does not apply----99 
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